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SUMMARY 


Problem 


Strategic  Weapon  System  (SWS)  laboratory  training  at  the  TRIDENT 
Training  Facility  will  consist  of  tactical  equipment  combined  with  special 
stimulation  hardware  (non-tactical  equipment)  to  provide  a high  fidelity 
training  environment.  Early  in  the  planning,  the  decision  was  made  to 
minimize  the  amount  of  expensive  tactical/non-tactical  laboratory  equip- 
ment. By  installing  one  laboratory  unit  each  and  supplementing  the 
training  with  a less  expensive  form  of  instruction,  the  student  loads 
in  a laboratory  can  be  reduced  to  a manageable  size  with  considerable 
savings.  Computer-based  instruction  (CBI) , as  an  individualized,  inter- 
active form  of  instruction,  was  identified  as  a prime  candidate  to  supple- 
ment the  stimulated  laboratory  training. 

Purpose 


The  objectives  of  this  study  were: 

1.  To  develop  the  criteria  and  data  on  which  to  base  a decision  for 
organized  CBI  implementation. 

2.  To  develop  the  criteria  and  data  for  selecting  CBI  hardware,  soft- 
ware, and  personnel. 

3.  To  recommend  procedures  and  roles  for  the  implementation  of  CBI. 

4.  To  recommend  procedures  and  roles  for  the  maintenance  of  CBI. 


Approach 

To  meet  the  objectives  of  this  study,  it  was  necessary  to  determine  the 
optimum  life-cycle  costs  for  CBI  support  of  SWS  laboratory  training.  Three 
phases  to  the  process  were  defined.  In  Phase  I a training  analysis  was 
performed  to  define  the  training  objectives  for  a CBI  system.  The  training 
analysis  indicated  the  amount  and  types  of  training  and  the  simulation 
characteristic  requirements.  The  results  of  Phase  I were  then  input  to 
Phase  II  for  an  analysis  of  existing  CBI  systems.  Personnel  numbers, 
types,  functions,  roles,  and  procedures  were  determined  for  each  CBI  system 
which  met  the  criteria  developed  in  Phase  I.  Finally,  in  Phase  III  all 
of  the  elements  for  each  CBI  system  candidate  were  costed  over  a 10-year 
life-cycle.  These  costs  were  compared  for  selection  of  the  most  cost- 
effective  total  configuration. 
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Results  and  Conclusions 


Section  2 describes  Phase  1 of  the  study:  an  analysis  of  TRIDENT  SWS 

training  to  determine  a CBI  curriculum  configuration  which  would  reduce 
student  loads  in  laboratory  training.  The  major  conclusions  of  Phase  I 
were  that : 

1.  SWS  laboratories  will  be  sufficiently  overloaded  to  warrant  a 
supplemental  form  of  instruction. 

2.  CBI,  as  an  interactive  instructional  form,  can  supplement  laboratory 
training. 

Section  3 describes  Phase  II  of  the  study:  the  identification  of 

alternative  CBI  system  configurations  to  meet  SWS  training  requirements 
and  the  definition  of  procedures  for  CBI  configuration  control  and  manage- 
ment. The  major  conclusions  of  Phase  II  were  that: 

1.  Of  the  existing  CBI  systems,  three  systems,  each  representing  a 
different  type  of  configuration,  can  meet  the  laboratory  training  require- 
ments. 

2.  The  personnel  configuration  is  a function  of  the  CBI  system  con- 
figuration. 

3.  CBI  configuration  control  and  management  procedures  can  be  defined 
within  the  current  training  system  documentation. 

Section  4 describes  Phase  III:  a comparative  analysis  of  the  costs  of 

the  three  CBI  system  configurations,  including  hardware,  curriculum  material, 
and  personnel,  over  a 10-year  life-cycle.  The  major  conclusions  of  Phase  III 
were  that: 

1.  One  of  the  CBI  system  candidates  could  easily  be  identified  as  the 
most  cost-effective  configuration  to  meet  TRIDENT  SWS  laboratory  training 
requirements. 

2.  Conditions  other  than  those  defined  in  this  study  could  change  the 
comparative  costs,  however,  and  care  must  be  taken  in  generalizing  about 
the  relative  costs  of  the  three  systems. 

3.  Growth  of  CBI  functions,  beyond  reducing  laboratory  overloads,  should 
be  investigated  to  achieve  full  benefits  from  the  system. 
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SECTION  1.  INTRODUCTION 


1.1  Problem 


Strategic  Weapon  System  (SWS)  training  at  the  TRIDENT  Training 
Facility  (TRITRAFAC)  will  be  held  both  In  classroom  and  laboratory  settings. 
The  SWS  laboratories  at  TRITRAFAC  will  consist  of  tactical  equipment  combined 
with  special  stimulation  hardware  (nontactlcal  equipment)  to  provide  a high 
fidelity  training  environment.  Early  In  the  planning  of  TRITRAFAC,  the 
decision  was  made  to  minimize  the  amount  of  expensive  tactlcal/nontactlcal 
laboratory  equipment.  Rather  than  provide  for  all  laboratory  training 
by  such  a stimulated  environment,  means  for  supplementing  the  stimula- 
tion by  less  expensive  forms  of  Instruction  were  considered.  The  equip- 
ment for  the  laboratories  In  which  computer-based  Instruction  (CBI)  Is 
recommended  cost  $22,000,000.  Cost  of  the  CBI  equipment  Is  expected 
to  be  less  than  $650,000.  By  Installing  one  laboratory  unit  each 
and  supplementing  the  training  with  CBI  to  reduce  student  loads  In 
the  laboratory  to  a manageable  size,  considerable  savings  will  be 
achieved . 


It  Is  In  the  overloaded  laboratory  situations  where  an  alternative 
method  of  training  was  desired  to  achieve  the  high  fidelity  environment 
with  mlnlmxim  costs.  Given  the  operational  nature  of  laboratory  train- 
ing, CBI  seemed  to  be  a prime  candidate  as  an  alternative  to  more 
laboratories.  CBI  Is  an  Individualized,  self-paced,  and,  even  more 
Important,  an  Interactive  Instructional  system.  Furthermore,  utilizing 
CBI  associated  media  such  as  slides  and  graphics  provides  an  outstanding 
capability  for  simulation.  As  a training  simulation  vehicle,  CBI  also 
appears  to  be  economical.  Fletcher  (1975)  noted  that  computer-based 
simulation,  as  a special  use  of  CBI,  promises  major  reductions  In  material 
preparation  costs.  Achievement  gains  reported  by  Suppes,  Fletcher,  and 
Zanottl  (1973a,  1973b),  Vonsonhaler  and  Bass  (1972),  and  others,  along 
with  economic  data  reported  by  Ball  and  Jamison  (1973),  Butnam  (1973), 
and  Jamison,  Fletcher,  Suppes,  and  Atkinson  (1974)  argue  favorable  cost/ 
benefits  for  CBI  In  the  specific  application  under  study  here. 

One  final  note  Is  In  order  by  way  of  definition.  While  the  term 
”CBI”  Is  used  In  this  study.  It  was  discovered  that  the  "computer”  aspect 
has  become  somewhat  blurred  as  electronic  technology  advances  to  new 
states-of-the-art.  Several  of  the  CBI  systems  analyzed  In  Section  3 have 
"computer  like"  processors  which  bear  little  resemblance  to  an  automatic 
data  processing  computer. 

1.2  Objectives 

Four  objectives  were  set  for  the  study.  The  purpose  of  each  objective 
was  to  provide  the  managers  of  TRIDENT  SWS  training,  SP-15,  with  sufficient 
information  for  decisions  and  plans  on  the  use  of  CBI.  Each  objective 
represents  a chronological  decision  point  for  SP-15.  That  is,  determina- 
tion must  be  made:  (1)  whether  CBI  can  be  used  effectively  for  reducing 
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laboratory  overloads > (2)  if  so,  what  requirements  of  CBI  hardware, 
software,  and  personnel  match  the  specific  training  needs,  (3)  what 
procedures  and  roles  are  most  efficient  for  the  Navy  and  contractor 
activities  in  design,  implementation,  and  evaluation  of  CBI  curriculum, 
and  (A)  what  procedures  and  roles  are  most  efficient  for  maintaining 
CBI  materials  given  a new  and  changing  curriculum.  The  objecitves  of  the 
study  were,  therefore: 

a.  develop  the  criteria  and  data  on  which  to  base  a decision  for 
organized  CBI  implementation, 

b.  develop  the  criteria  and  data  for  selecting  CBI  hardware, 
software,  and  personnel, 

c.  recommend  procedures  and  roles  for  the  implementation  of  CBI, 

d.  recommend  procedures  and  roles  for  the  maintenance  of  CBI. 

1.3  Approach 

The  basic  approach  in  meeting  the  above  objectives  was  to  determine 
the  optimum  life-cycle  costs  for  CBI  support  of  SWS  laboratories.  The 
optimum  costing  was  to  be  derived  by  comparing  costs  of  the  alternative 
CBI  systems  and  personnel  over  a 10-year  period.  This  is  the  subject 
of  Section  4.  The  life-cycle  costing  was  accomplished  by  matching  the 
CBI  support  requirements  to  the  training  system  characteristics  and 
costing  each  element,  as  seen  in  Figure  1-1. 

Three  phases  of  the  process  were  defined.  Each  phase  addressed 
some  aspect  of  the  configuration  which  would  be  necessary  for  CBI  in  SWS 
laboratory  training.  In  this  study,  configuration  is  defined  as  all 
parts  of  the  system,  including  machine  and  people,  to  meet  the  system 
objectives.  In  Phase  I (Section  2)  the  configuration  training  analysis 
was  performed  to  determine  the  training  objectives  of  an  SWS  CBI  system. 

The  training  analysis  indicated  the  amount  and  type  of  training  for  CBI 
implementation  which  would  reduce  laboratory  overloads.  Additionally, 
it  was  possible  to  identify  the  CBI  simulation  characteristics  required 
for  these  training  topics. 

The  results  of  Phase  I were  then  input  to  Phase  II  (Section  3)  for 
an  analysis  of  existing  CBI  systems.  The  analysis  allowed  determination 
of  those  CBI  computer  systems  which  could  meet  the  needs  of  SWS  labora- 
tory training.  Personnel  numbers,  types,  functions,  roles,  and  proce- 
dures could  then  also  be  determined  for  each  of  the  CBI  computer  systems 
which  met  the  criteria  developed  in  Phase  I. 

Finally,  in  Phase  III  (Section  4)  all  of  these  system  elements  were 
costed  over  a 10-year  life-cycle  for  each  alternative  CBI  configura- 
tion. The  costs  were  compared  for  selection  of  the  most  cost  effective 
total  configuration.  It  was  not  until  completion  of  Phase  III  that  the 
goals  of  the  study  were  fulfilled  because  all  final  recommendations  were 
based  on  costs. 
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Figure  1-1.  Major  phases  of  study 


SECTION  2.  PHASE  I:  CONFIGURATION  TRAINING  ANALYSIS 


2.1  Overview 


Paragraphs  2.2  (FBM  laboratory  utilization)  and  2.3  (CBI  selection 
methodology)  describe  the  Initial  two  tasks  necessary  for  the  training 
analysis.  First,  it  was  necessary  to  determine  whether  or  not  there 
were  sufficient  overloads  to  warrant  CBI  and,  if  so,  where  in  the  train- 
ing the  overloads  occurred.  Second,  it  was  necessary  to  derive  a method 
for  selecting  the  CBI  amenable  curriculum  areas  which  could  be  developed 
to  reduce  overloaded  laboratories. 

Each  of  the  three  laboratories  projected  to  have  overloads  at  TRITRAFAC 
were  then  studied  using  the  methodology  described  in  paragraph  2.3.  The 
method  first  selects  specific  equipment  in  a laboratory  by  ranking  amen- 
ability to  CBI.  Each  equipment  is  then  described  by  training  level, 
instructional  objectives,  and  laboratory  simulation  requirements.  This 
description  allows  a preliminary  design  of  CBI  strategies  and  suggested 
terminal  media  requirements.  Two  major  results  were,  therefore,  derived: 

(1)  the  selection  of  laboratory  equipment  and  training  to  be  simulated  by 
CBI  for  the  purpose  of  removing  overloads,  and  (2)  identification  of  possible 
CBI  strategies  and  terminal  requirements.  The  laboratories  studied  are 
the  Launcher  Control  Group,  the  Fire  Control  System  Unit,  and  the  Missile 
Control  Center.  They  are  described  in  paragraphs  2.4,  2.5,  and  2.6, 
respectively. 

The  interface  between  the  student  and  a CBI  system  is  an  interactive 
terminal  which  presents  instructional  information  and  allows  the  student 
to  respond.  The  CBI  terminal  is,  therefore,  a form  of  instructional  media 
which  should  support  the  training  requirements.  Two  aspects  of  the  CBI 
terminals  (l.e.,  characteristics  and  numbers  required)  are  discussed  in 
paragraphs  2.7  and  2.8.  Thus,  in  Phase  I,  the  analysis  proceeds  from 
specification  of  training  tasks  to  specification  of  media,  the  CBI  terminals. 

2.2  FBM  Laboratory  Utilization 

Laboratory  utilization  for  SWS  training  was  analyzed  by  two  categories. 
First,  each  laboratory  includes  several  types  of  training.  Some  training 
types  seemed  more  amenable  to  CBI  than  others.  Within  each  laboratory, 
the  most  CBI  amenable  training  types  were  selected  for  more  detailed 
analysis.  Second,  since  each  of  the  seven  SWS  laboratories  operates  and 
can  be  scheduled  separately  from  the  others,  the  student  load  projected 
for  each  laboratory  was  a utilization  unit  of  measure.  The  result  of  this 
portion  of  the  study  is  selection  of  CBI  candidates  by  types  of  training 
within  laboratories  which  will  be  overloaded. 
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The  results  were  achieved  by  three  steps  and  these  are  presented 
In  the  following  pages  in  order.  The  first  step  was  determination  of 
training  types  as  CBI  candidates  within  the  labs.  The  second  step  was 
determination  of  the  projected  laboratory  loads  and  criteria  for  speci- 
fying an  overload.  The  third  and  final  step  was  determination  of  the 
number  of  CBI  curriculum  hours  required  to  reduce  the  laboratory  over- 
loads to  a manageable  size. 

It  should  be  noted  that  full  consideration  was  given  to  other  means 
for  reducing  laboratory  overloads.  For  instance,  it  did  not  appear  cost- 
effective  to  install  additional  laboratory  units  for  the  relatively 
small  amount  of  overloads  expected.  Also,  scheduling  of  laboratories 
appears  to  be  handled  well  currently  in  POSEIDON/POLARIS  training  sites 
and  is  expected  to  be  at  least  as  efficient  for  TRITRAFAC  SWS  training. 
Overloads  are  still  expected  and,  as  will  be  seen  later  in  this  section, 
are  best  handled  by  a media  form  which  allows  interactive,  dynamic, 
real-time  training.  Only  CBI  has  these  characteristics. 

2.2.1  SWS  Training  Types 

Five  types  of  training  are  provided  in  the  SWS  laboratories  of 
concern:  (a)  replacement,  (b)  off-crew,  (c)  officer,  (d)  intermediate 

level  maintenance,  and  (e)  conversion.  Each  of  these  were  examined  to 
identify  the  most  likely  types  for  CBI  implementation. 

Certain  types  of  training  are  more  appropriate  for  CBI  than  others. 
Training  tasks  which  require  team  member  interaction  or  physical  manipu- 
lation are  less  preferred  CBI  simulation  candidates  than  those  which  are 
individual  and  knowledge  oriented.  Using  this  rationale,  the  replace- 
ment and  limited  portions  of  system  crew  training  offered  attractive 
topic  areas  for  CBI  applications  while  officer  and  second-level  main- 
tenance training  appear  less  suitable.  Cohversion  training  does  not 
appear  to  impinge  on  overloads  in  laboratories  and  was  not  considered 
for  CBI  candidacy. 

a.  Replacement  Training 

Replacement  training  provides  new  enlisted  personnel  with 
experience  in  TRIDENT  systems  and  procedures.  Trainees  are  qualified  for 
a specific  NEC  at  completion  of  replacement  training.  All  personnel 
entering  replacement  training  will  be  assigned  to  one  of  five  courses  in 
the  operation  and  maintenance  of  the  strategic  weapons  or  navigation 
subsystems.  Only  training  in  system  operation  to  the  level  of  basic 
preventive  and  corrective  maintenance  procedures  under  supervision  is 
given  in  these  courses. 

The  best  application  of  CBI  resides  in  replacement  training. 
Replacement  laboratory  training  provides  for  learning  skills  which  are 
both  discrete,  in  that  a unit  piece  of  equipment  can  fulfill  the  focal 
point  of  the  learning  experience,  and  individual,  in  that  there  is 
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little  need  for  operator  interactions  with  others.  The  most  extreme 
case  requiring  Interaction  Is  remote  voice  feedback  to  an  operator.  In 
this  case  It  Is  possible  to  display  text  which  represents  the  voice 
messages  required  during  sequential  operations  on  a particular  piece  of 
equipment.  In  addition,  most  other  Information  flow  to  the  replacement 
student,  while  operating  a piece  of  equipment,  is  channeled  by  that 
equipment.  Little  Is  required  beyond  the  recognition  of  Illuminated 
actuator/indicators,  switching  positions,  and  digital  and/or  printer 
readouts.  This  equipment  characteristic  to  channel  Information  at  the 
replacement  training  level  aids  in  the  determination  of  CBI  implementa- 
tion within  TRIDENT  laboratory  training. 

b.  Off-Crew  Training 

Off-crew  training  is  given  to  personnel  who  are  already 
assigned  to  TRIDENT-I  submarines  while  in  port.  TRITRAFAC  will  provide 
two  types  of  off-crew  training:  advanced  and  team.  Advanced  courses 

are  designed  to  Increase  operational  and  maintenance  proficiency.  A 
week  of  team  training  is  provided  for  each  crew,  at  the  end  of  the  off-crew 
period,  to  increase  team  proficiency.  Neither  type  of  training  is  recom- 
mended for  CBI  Implementation  with  the  purpose  of  reducing  laboratory 
overloads. 


(1)  Advanced  Training.  Advanced  training  is  given  to  senior 
NEC  personnel  in  order  to  Increase  proficiency  levels  for  performing  normal 
and  casualty  operational  procedures  and  also  to  provide  fault  Isolation, 
major  repairs,  and  emergency  repairs  without  supervision. 

Advanced  training  is  better  left  to  the  laboratory  because 
much  of  the  curriculum  deals  with  hands-on  manipulation  at  the  P2  and  C3 
levels.  Training  tasks  such  as  wiretracing,  attaching,  and  using  test 
equipments  are  not  well  done  without  the  hands-on  experience.  CBI  dis- 
plays, for  more  theoretical  training,  might  have  to  be  extensive  enough 
to  provide  views  from  many  angles  and  Incorporate  both  actions  and 
resultant  displays  with  multiequipment  usage.  The  interactive  coordina- 
tion between  equipments,  displays,  operator  actions,  test  equipment,  and 
documentation  might  not  be  cost-effective.  In  addition,  the  advanced 
training  level  relies  quite  heavily  on  the  maintenance  documentation  which 
drives  P2  and  C3  requirements.  This  documentation  will  change  within  the 
evolving  TRIDENT  submarine  program  and  could  cause  explosive  CBI  course- 
ware maintenance  until  It  becomes  more  stable.  For  these  reasons.  It 
appeared  that  advanced  training  Is  not  appropriate  for  CBI  at  this  time. 

(2)  Team  Training.  Team  training  Is  focused  at  a system 

level  In  three  areas:  (a)  skills  and  knowledge  In  the  operation  or 

maintenance  of  a particular  piece  of  equipment,  (b)  use  of  documentation, 
and  (c)  team  coordination  between  crew  members.  The  latter  Is  a major 
use  of  team  training  time.  The  Implication  of  these  three  areas  for  CBI 
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Implementation  is  possible  application  of  CBI  in  the  first  two,  but 
limited  in  the  third.  For  the  first  area,  CBI  can,  for  example,  provide 
some  appropriate  operation  and  maintenance  team  training  in  the  LCG  and 
FCSU  laboratories  and  for  some  system-wide  troubleshooting  in  the  MCC 
laboratory.  The  objective  associated  with  learning  documentation  during 
team  training  might  also  be  accomplished  by  CBI,  However,  it  appears 
that  CBI  could  not  adequately  facilitate  team  development.  Thus,  CBI 
would  be  able  to  support  a limited  portion  of  the  team  training  objectives. 

c.  Officer  Training 

Five  types  of  officer  training  will  be  provided  in  the  SWS 
portion  of  TRITRAFAC.  The  functions  of  each  officer  course  package  are 
given  below  (as  taken  from  the  TRIDENT-I  Strategic  Weapon  System  Navy 
Training  Plan,  1 August  1975): 

(1)  PCO/PXO;  Training  familiarization  and  orientation  for 
officers  ordered  as  either  Commanding  Officer  (CO)  or  Executive  Officer 
(XO)  of  TRIDENT  submarines.  The  training  will  provide  overall  system 
operation,  capabilities,  and  performance  criteria. 

(2)  STRATEGIC  SYSTEM  OFFICER:  Training  provides  theory  and 

overall  system  operation  to  permit  supervision  of  those  technicians 
assigned  to  operate  and  maintain  the  TRIDENT  SWS. 

(3)  STRATEGIC  MISSILE  OFFICER:  Training  provides  theory  and 

knowledge  of  overall  TRIDENT  SWS  operation  and  maintenance  sufficient  to 
permit  supervision  onboard  a TRIDENT-I  SSBN. 

(4)  STRATEGIC  NAVIGATION  OFFICER:  Training  provides  theory 

and  operation  knowledge  sufficient  to  permit  supervision  of  technicians 
assigned  to  operate  and  maintain  the  TRIDENT  Navigation  System. 

(5)  INTERMEDIATE  LEVEL  MAINTENANCE  OFFICER:  Training  provides 

knowledge  of  theory,  maintenance,  and  operation  sufficient  to  permit 
supervision  of  maintenance  technicians  at  the  TRIDENT  Refit  Facility 
(shore-based  maintenance) . 

Officer  training  does  not  appear  to  be  a high-payoff  area 
for  CBI,  where  the  purpose  is  to  reduce  laboratory  overloads,  because  the 
number  of  officers  to  be  trained  is  relatively  low  compared  to  enlisted 
personnel.  Because  of  the  small  number,  however,  CBI  may  be  advantageous 
as  part  of  the  course  packages  for  self-paced,  individualized  instruction. 
This  topic  is  discussed  further  in  section  4 under  CBI  System  Growth.  An 
additional  factor  in  officer  training  is  that  some  part  will  center  around 
supervision  of  enlisted  personnel.  In  the  latter  situation  it  may  be 
advisable  to  provide  concurrent  laboratory  training  rather  than  CBI. 
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d. 


Intermediate  Level  Maintenance  Training 


Personnel  In  the  Intermediate  level  maintenance  shops  will 
be  trained  In  the  same  laboratories  as  those  supporting  replacement  train- 
ing or  by  add-on  courses.  The  add-on  courses  will  provide  training  only 
In  the  operation  and  maintenance  of  Intermediate  level  maintenance 
equipment  or  special  maintenance  procedures  and  they  will  be  given  at 
the  shop  site  rather  that  at  TRITRAFAC  laboratories.  However,  some  parts 
of  intermediate  level  maintenance  will  be  held  in  the  replacement  labor- 
atories. Neither  area  was  considered  for  CBI.  Heavy  emphasis  has  already 
been  placed  on  CBI  Implementation  of  replacement  training  as  the  most 
likely  area  for  reducing  overloads. 

e.  Conversion  Training 


Conversion  training  consists  of  courses  designed  to  provide 
experienced  POLARIS/POSEIDON  SWS  personnel  with  proficiency  in  TRIDENT 
systems  and  procedures.  The  training  of  POLARIS/POSEIDON  experienced 
personnel  will  be  a major  effort  during  the  TRIDENT  build-up  period, 
but  will  be  discontinued  or  minimal  at  steady  state  student  loading. 
Therefore,  It  was  not  Included  In  this  study  for  CBI  consideration. 

2.2.2  Determination  of  Laboratory  Overloads 

Projections  of  TRITRAFAC  FBM  laboratory  loads  were  generated  by 
General  Electric  Ordnance  Systems  (GEOS),  Pittsfield,  Massachusetts. 

The  TRIDENT  Laboratory  Determination  Model  (LDM),  developed  by  GEOS, 
dated  29  August  1975,  provided  yearly  estimates  of  training  time  up  to 
steady  state  utilization.  Attempts  were  also  made  by  GEOS  to  project 
weekly  loads  but  the  effort  was  not  completed  in  time  for  inclusion  in 
this  study.  The  Importance  of  weekly  projections  is  that  the  fluctua- 
tions of  laboratory  loads  could  be  seen  within  a year.  That  is,  the 
weekly  utilization  might  range  from  lOOZ  to  400Z,  even  though  a yearly 
estimate  of  135%  is  projected.  Completion  of  weekly  or  monthly  pro- 
jections should  provide  data  on  which  to  update  the  recommendations  of 
this  study. 

2. 2. 2.1  Available  Training  Time 


A total  of  3,402  hours  per  year  are  available  for  training  In  each 
laboratory  (assuming  52  weeks/year,  5 days/week  with  17  holidays,  7 hours/ 
shift,  and  2 shlfts/day).  This  represents  an  Ideal  yearly  100%  utiliza- 
tion without  constraints.  However,  in  the  real  world,  there  are  situa- 
tions which  preclude  100%  utilization  and  reduce  the  number  of  available 
hours.  These  were  taken  Into  account  by  the  LDM. 

One  such  constraint  Is  the  yearly  maintenance  downtime  that  each 
laboratory  will  experience.  Preventative  and  corrective  maintenance 
time  has  been  estimated  by  GEOS  at  340  hours  per  year.  The  maintenance 
time  required  reduces  the  number  of  available  laboratory  hours  to  3,062 
per  year. 
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A second  consideration  in  the  LDM  was  scheduling  inefficiency, 
GEOS,  after  polling  the  Guided  Missile  Schools  at  Dam  Neck  and  Charleston, 
projected  an  inefficiency  due  to  scheduling  problems  of  17.5%,  This 
reduced  the  number  of  available  training  hours,  when  coupled  with  the 
maintenance  downtime,  to  2,526  yearly  hours  available  per  laboratory. 

When  compared  to  the  ideal  100%  utilization  level  of  3,402 
hours  for  two  shifts,  the  resultant  2,526  training  hours  provides  a 74,25% 
utilization  factor  for  any  particular  laboratory.  The  elimination  of 
876  yearly  training  hours  as  suggested  by  GEOS  represents  a lost  time 
which  could  never  be  redeemed,  A greater  look  into  this  assertion  is 
necessary  to  determine  its  validity  in  light  of  actual  operations  in 
existing  POSEIDON  training  facilities  and  the  implications  for  TRITRAFAC, 

Within  a training  facility,  actual  training  hours  are  not  lost 
except  in  the  case  of  unexpected  maintenance  downtime  extending  over  long 
periods  of  time.  Rescheduling  can  and  usually  does  make  up  for  short 
maintenance  downtime  and  only  represents  inconvenience.  Scheduled  pre- 
ventative maintenance  usually  occurs  on  the  third  shift  and  minimizes 
disruption  in  the  normal  operations  during  the  other  two  shifts.  Unex- 
pected maintenance  situations  and  major  equipment  changes  only  result  in 
loss  of  hours  when  they  seriously  disrupt  the  sequencing  and  completion 
of  normal  training  operations.  In  addition,  unofficial  data  from  the 
Guided  Missile  School  at  Dam  Neck  indicate  an  average  of  only  5 hours 
per  year  of  maintenance  time  lost  in  laboratories.  For  these  reasons, 
the  340  hours  per  year  of  lost  laboratory  time  should  be  viewed  as  a 
liberal  estimate. 

The  536  hours  loss  due  to  scheduling  inefficiency  appears  to 
represent  conditions  which  are  usually  compensated  for  by  rescheduling  on 
short  third  shift  operations  and,  only  in  extreme  cases,  might  represent 
lost  time.  Situations  in  which  rescheduling  could  not  be  accomplished 
without  third  shift  operations  would  be  rare  but  could  occur.  Instead 
of  viewing  the  536  hour  reduction  as  scheduling  inefficiency  and  time 
lost,  it  is  more  appropriate  to  designate  the  time  as  the  worst  case  of 
scheduling  inability  resulting  from  unexpected  peakloads.  These  peaks 
are  brought  about  by  possible  additional  fleet  training  requirements  and 
abnormally  low  Instructor  manning,  a situation  not  uncommon  in  the 
POSEIDON  program.  The  536  hours  represent  a flexibility  factor  rather 
than  a seceduling  inefficiency  loss.  The  flexibility  factor  provides  a 
cushion  to  compensate  for  laboratory  load  fluctuations  which  rise  sud- 
denly and  then  dissipate. 

Fleet  operational  requirements  must  be  provided  for  as  they 
occur  and  TRITRAFAC  will  be  in  a position  to  responsibly  meet  those  require- 
ments by  regarding  the  536  hours  as  a worst  case  limit.  For  example,  to 
meet  the  unexpected  fluctuations,  Guided  Missile  School  meetings  are 
conducted  on  a monthly  basis,  or  as  needed,  to  develop  scheduling.  Con- 
tingency decisions  are  determined  by  three  alternatives:  rescheduling 
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classes,  third  shift  operations,  and/or  concurrent  training.  In  the 
past,  by  using  a combination  of  these  three  options,  the  school  has  been 
able  to  overcome  excessive  student  loads  and  has  successfully  met  fleet 
requirements.  The  same  scheduling  procedures  are  expected  to  be  auto- 
mated for  TRITRAFAC. 

2.2.3  Overloaded  Laboratories 


In  light  of  the  above,  2,526  was  considered  to  be  a comfortable 
indicator  of  the  yearly  available  hours  for  a given  laboratory.  The 
number  of  hours  projected  by  the  LDM  over  2,526  hours  was  used  to  deter- 
mine laboratory  overloads.  These  hours,  when  divided  by  the  number  of 
training  groups  per  year  at  steady  state,  determined  the  number  of  CBI 
hours  required  to  reduce  the  load  within  projected  available  training 
hours.  The  following  formula  was  used  to  calculate  the  number  of  CBI 
hours: 

Projected  Yearly  Training  Hours  - 2,526  Hours  = Number  of  CBI 
Number  of  Training  Groups  per  Year  Hours  Required 

Although  2,526  yearly  hours  is  considered  to  represent  an  accurate 
projection  of  laboratory  time  available,  contingency  CBI  hours  reflect- 
ing less  laboratory  availability  than  assumed  here  were  also  derived. 

This  is  depicted  by  Table  2-1  which  shows  additional  utilization  levels 
at  69.25%  and  64.25%  efficiency.  These  are  an  additional  5%  and  10%  of 
the  total  3,402  hours  below  the  2,526  hour  level,  respectively.  These 
two  projections,  while  being  considered  as  somewhat  unlikely  to  occur, 
are  provided  to  aid  in  further  study  if  unexpected  developments  occur  in 
the  near  future. 

The  results  of  this  methodology  were  Identification  of  three  over- 
loaded laboratories;  the  Launcher  Control  Group  (LCG) , the  Fire  Control 
System  Unit  (FCSU),  and  the  Missile  Control  Center  (MCC)  laboratories. 

At  peak  yearly  loading,  which  is  a steady  state,  the  number  of  CBI  hours 
required  to  reduce  overloads  is  64.25.  The  64.25  hours  should  be  dis- 
tributed among  the  three  laboratories  as  indicated  below. 

a.  Launcher  Control  Group 

The  basic  purpose  of  the  LCG  is  to  provide  training  on  equip- 
ment used  in  launching  TRIDENT  missiles,  interfacing  launcher  subsystems, 
and  testing  launcher  subsystems.  The  number  of  training  hours  for  each 
class  in  the  LCG  is  51  hours  for  replacement,  38  hours  for  advanced,  and 
12  hours  for  team  training.  Other  training  in  the  LCG  takes  relatively 
few  hours  of  laboratory  time.  Calculations  of  yearly  overloads  based  on 
these  figures  and  the  number  of  groups  projected  in  the  LDM  are  seen  in 
Table  2-2. 
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Available  Training  Hours  in  SWS  Laboratories 
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Number  of  CBI  Hours  Required  In  Overloaded  Laboratories 
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NUMBER  OF 
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37.80 
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REPLACEMENT 
GROUPS  PER 
YEAR 

26.80 

26.80 

26.80 

12.66 

12.66 

12.66 

26.80 

26.80 

26.80 

NUMBER  OF 
EXCESS  HOURS 
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The  actual  number  of  CBI  hours  required  to  relieve  the 
laboratory  overload  at  the  2,526  hours  level  is  3.02  hours  of  instruction; 
however,  8.00  hours  represents  a more  attractive  hourly  allocation  for  CBI 
treatment  because  3.02  hours  might  not  allow  sufficiently  flexible  schedul- 
ing. CBI  hours  needed  to  satisfy  Option  B and  C conditions  were  9.37 
and  15.71  hours,  respectively.  By  adopting  8.00  hours  for  CBI,  Option  A 
nearly  coincides  with  the  more  stringent  requirements  of  Option  B. 

b.  Fire  Control  System  Unit 

The  FCSU  laboratory  provides  training  on  equipments  used  to 
support  both  operator  and  maintenance  functions.  Training  hours  per  fire 
technician  class  are  92  at  the  replacement  level,  133  in  advanced  courses, 
and  17  per  group  for  team  training.  Calculations  of  yearly  overloads 
based  on  these  figures  and  the  number  of  groups  projected  in  the  LDM  are 
provided  in  Table  2-2. 

At  the  2,526  hour  level,  approximately  31  CBI  hours  are 
required  in  replacement  training  to  relieve  projected  overload  conditions. 
This  represents  approximately  one-third  of  the  hours  currently  being 
planned  for  FCSU  replacement  training.  Options  B and  C present  a CBI 
requirement  of  44.08  hours  and  57.50  hours,  respectively. 

c.  Missile  Control  Center 


The  MCC  laboratory  encompasses  the  training  of  a variety  of 
personnel.  A total  of  138  replacement  training  hours  are  given  to  a mix 
of  both  fire  and  missile  technician  students.  An  additional  10  hours  is 
given  to  each  of  the  five  PCO/PXO  groups  per  year  and  58  hours  is  pro- 
vided each  of  the  average  yearly  6.2  lab  groups  of  SSO/SMO  officers. 
Advanced  training  requires  49  hours  with  17  hours  designated  for  team 
training.  For  all  of  these  groups,  the  MCC  laboratory  is  used  to  pro- 
vide system  level  training.  The  fire  technicians  will  primarily  be 
concerned  with  training  using  the  FCS  MK98  MOD  0,  while  the  missile 
technicians  will  focus  upon  missile  system  testing  and  launcher  system/ 
control  group  operations.  The  total  number  of  hours  dedicated  to  the 
MCC  laboratory  are  given  in  Table  2-2. 

A little  over  25  (25.25  will  be  used  in  the  remainder  of  the 
study)  replacement  CBI  hours  at  the  2,526  hours  level  are  required  to 
reduce  the  MCC  overload.  Option  B would  require  31.46  CBI  hours,  while 
37.80  CBI  hours  would  be  needed  to  satisfy  Option  C. 

2.2.4  CBI  Considerations  for  Other  FBM  Laboratories 


There  are  four  additional  FBM  laboratories,  which  are  not  over- 
loaded, at  TRITRAFAC;  (a)  Missile  Corapartment/Optical  Alignment  Group 
(MC/OAG),  (b)  Segmented  Missile,  (c)  Training  Launcher  (TL) , and  (d) 
Missile  Testing  and  Readiness  Equipment  (MTRE)  Unit.  Each  of  these 
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laboratories  provides  training  on  individual  pieces  of  tactical  equip- 
ment. Each  also  has  unique  characteristics  for  possible  CBI  supple- 
mentation. The  purpose  of  this  paragraph  is  to  document  possible  direc- 
tions for  CBI  should  the  need  arise. 

a.  Missile  Compartment/Optical  Alignment  Group 

CBI  applications  within  MC/OAG  would  be  limited  to  providing 
basic  normal  operations  of  the  Line-of-Sight  Subsystem  and  the  Optical 
Alignment  Erection  Subsystem  control  panels  and  Interface  equipment  to 
the  Fire  Control  System.  Most  of  the  MC/OAG  laboratory  curriculum  deals 
with  hands-on  manipulation  which  limits  the  range  of  CBI  applications. 

b.  Segmented  Missile 

The  Segmented  Missile  laboratory  is  also  involved  with  physical 
manipulation  of  the  various  laboratory-provided  equipment.  These  include 
the  static  missile  displays  and  test  equipment  used  in  the  PI,  Cl,  C2,  and 
C3  training  levels.  Possible  CBI  applications  reside  in  missile  system 
testing.  Portions  of  the  guidance  testing  instruction,  emphasizing  inter- 
face troubleshooting,  could  be  accomplished  with  CBI. 

c.  Training  Launcher 

The  use  of  CBI  within  the  TL  laboratory  is  not  promising 
because  most  of  the  training  is  of  a mechanical  (manipulatory)  nature. 
Further,  the  number  of  hours  required  for  replacement  and  advanced  train- 
ing are  dedicated  to  the  launcher  tube.  By  the  use  of  "mini  labs"  located 
around  the  launcher  tube,  concurrent  training  on  tube-associated  equipment 
is  planned.  For  this  reason,  there  are  few  hours  obtainable  with  CBI  in 
the  laboratory, 

d.  Missile  Testing  and  Readiness  Equipment  Unit 

The  MTRE  Unit  represents  a condition  completely  contrary  to 
that  of  the  first  three  laboratories.  CBI  can  easily  supplement  all  levels 
of  training,  even  down  to  C3.  After  extensive  consultation  with  Guided 
Missile  School  instructors  at  Dam  Neck,  it  was  concluded  that  the  MTRE 
offered  an  ideal  set  of  characteristics  for  CBI  simulation. 

2,2.5  Navigation  Laboratories 

The  Navigation  Trainer  Installation  at  TRITRAFAC  is  composed  of 
six  laboratories:  (a)  Inertial  (SINS  and  ESGM  training),  (b)  ESGM/NAVAIDS, 

(c)  Central  Navigation  Computer  (CNC)  Unit,  (d)  MARDAN/MSR,  (e)  Super- 
visor's Console,  and  (f)  Navigation  Operational  Trainer.  Based  on 
projected  student  throughput  and  utilization  data  supplied  by  Sperry 
Systems  Management,  potential  overloads  may  exist  in  three  of  the  six 
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laboratories.  However,  it  was  beyond  the  scope  of  this  study  to  analyze 
this  data  in  sufficient  detail  to  make  specific  recommendations  for  CBI 
implementation.  These  projected  overloads  will  need  to  be  investigated 
by  SP-15  and  its  contractors  in  the  future  and  are  mentioned  here  only 
to  ensure  awareness  of  the  problem. 

2.3  CBI  Selection  and  Design  Methodology 

This  section  defines  a method  for  selection  and  preliminary 
design  of  CBI  for  SWS  training.  The  development  of  such  procedures  was 
necessary  to  provide  a systematic  approach  toward  identifying  laboratory 
training  which  is  CBI  amenable.  The  method  sets  the  criteria  for  a 
definition  of  **CBI  amenable”  and  details  the  steps  for  applying  the 
definition. 

The  seven  step  process  is  represented  in  Figure  2-1,  Method  for 
SWS  CBI  Curriculum  Selection.  The  steps  require  a focus  on  equipment 
training  requirements  and  the  translation  to  simulation  training  by  CBI. 
First,  it  is  necessary  to  identify  each  piece  of  equipment  within  the 
laboratory  of  concern.  Second,  the  level  of  training,  such  as  normal 
or  casualty  and  with  or  without  supervision,  is  to  be  determined.  Third, 
the  actions  to  be  learned  within  the  level  are  stated.  These  statements 
are  still  at  a general  level  and  so  a more  descriptive  statement  of 
instruction  is  built  on  the  action  items  in  the  fourth  step.  Steps  five 
and  six  define  the  simulation  requirements  by  characteristics  of  the 
personnel,  the  task,  and  the  equipment  subsystem,  and  system  level  opera- 
tions. Finally,  step  seven  matches  the  simulation  requirements  to  CBI 
terminal  characteristics  which  are  needed. 

The  method  allows  for  ranking  CBI  amenable  curriculum  within  the 
specific  problem  context  of  this  study;  that  is,  overloaded  laboratories. 

The  method  is  also  specific  in  other  ways  to  TRIDENT  SWS  training.  It 
may  be  noted  that  the  first  five  steps  loosely  correspond  to  SSBN  train- 
ing materials  design  and  development  stages.  Thus,  the  methodology  is 
generic;  it  directly  relates  to  characteristics  of  the  TRIDENT  SWS 
Training  System.  In  future  applications,  it  is  recommended  that  these 
procedures  be  refined,  detailed,  and  formalized  as  part  of  the  training 
system.  While  the  method  was  developed  in  this  study  for  the  purpose  of 
determining  where  and  how  much  CBI  could  be  used  in  overloaded  labora- 
tories, it  has  the  capability  of  general  application  to  SSBN  training 
with  only  minor  modifications. 

It  should  also  be  noted  that  the  method,  while  oriented  toward 
selection  of  CBI  curriculum  areas,  requires  preliminary  CBI  design.  This 
design  process  occurs  because  one  must  carry  the  steps  through  to  determina- 
tion of  the  terminal  characteristics  required  based  on  simulation  objectives 
and  strategies.  By  extending  the  process  across  the  five  stages  of  SSBN 
curriculum  development  and  production  and  linking  it  to  specific  tasks 
within  the  stages,  the  method  presented  here  can  provide  a basis  for  formal 
SSBN  CBI  curriculum  specification. 
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Figure  2—1.  Method  for  SWS  CBI  curriculum  selection 
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A detailed  description  of  each  of  the  seven  steps  is  provided 
in  the  remainder  of  this  seciton. 

2.3.1  Equipment  Selection 

Once  a laboratory  is  determined  to  be  overloaded,  it  is  neces- 
sary to  select  the  specific  equipment  training  within  the  laboratory  which 
can  be  taught  via  CBI.  The  six  criteria  defined  for  the  selection  pro- 
cess are  concerned  with  two  general  categories:  (a)  cost-effective  CBI 

courseware  development,  and  (b)  cost-effective  CBI  training  operations. 

The  first  three  criteria  address  (a,  b,  and  c)  curriculum  and 
documentation  characteristics  of  the  equipment  training.  The  importance 
of  these  three  criteria  is  that  they  require  the  subject  matter,  which 
would  be  put  under  CBI,  to  have  the  least  amount  of  courseware  develop- 
ment for  the  most  impact. 

The  last  three  criteria  (d,  e,  and  f)  which  are  used  in  select- 
ing equipment  for  possible  CBI  implementation,  relate  to  CBI  operation 
within  a laboratory;  that  is,  the  relationship  of  CBI  as  a precursor  or 
summary  or  intermediary  event  within  the  total  laboratory  sequence  and 
the  ease  of  scheduling  such  a tactial  equipment/CBI  laboratory  environ- 
ment. 


a.  The  courseware  development  effort  should  result  in  the 
largest  number  of  training  hours  possible  with  the  smallest  number 

of  equipment  pieces.  This  criteria  is  based  on  the  fact  that  the  fewer 
pieces  of  equipment  to  be  simulated,  the  less  courseware  development  and 
maintenance  effort  will  be  required.  Fewer  subject  matter  personnel  will 
need  to  be  trained  to  author  CBI  material  and  the  time  to  develop  course- 
ware will  be  less. 

b.  The  CBI  courseware  developed  should  provide  continuity  of 
context.  That  is,  it  is  undesirable  to  break  out  portions  of  training 
for  CBI,  if  leaving  the  actual  equipment  allows  the  high  fidelity  con- 
text of  training  to  be  disrupted.  This  criteria  especially  applies  to 
long,  interdependent  training  topic  areas,  such  as  portions  of  system 
level  training,  which  require  lengthy  sequences  of  instructional  events 
in  order  for  the  student  to  be  familiar  with  the  total  context. 

c.  Courseware  development  should  be  based  on  well-known  subject 
matter,  reliably  documented.  Major  portions  of  TRIDENT  curriculum  are 
not  documented  by  task  or  training  requirements  to  a level  sufficient 
for  courseware  development.  Therefore,  the  TRIDENT  equipment  selected 

in  this  study  are  close  in  concept  and  operation  to  documented  POSEIDON 
equipment.  As  TRIDENT  curriculum  design  progresses,  this  situation  will 
change.  However,  because  the  timeframe  for  CBI  implementation  is  relatively 
short,  the  selection  process,  and  specifically  this  third  criteria,  are 
based  on  POSEIDON  documentation. 
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d.  Skills  and  knowledge  learned  under  CBI  should  be  rein- 
forced, when  possible,  by  experience  with  actual  equipment.  CBI  is 
not  intended  to  replace  learning  experiences  with  actual  equipment. 
Therefore,  topic  areas  which  provide  CBI  learning  as  a precursor  to 
equipment  experience  are  desirable  for  CBI  implementation.  In  addition, 
if  the  precursor  skills  are  to  be  used  during  the  course  of  subsequent 
laboratory  instruction,  the  topic  area  is  considered  even  more  desirable 
because  the  CBI  learning  will  be  reinforced  by  equipment  experience. 

e.  CBI  implementation  should  provide  for  effective  CBI  sche- 
duling in  reducing  laboratory  overloads.  To  provide  for  TRITRAFAC 
CBI  scheduling  ease,  CBI  subject  matter  should  have  the  ability  to 
encompass  large  time  blocks  and  possess  curriculum  discreteness.  This 
will  facilitate  various  possible  sequencing  modes  for  scheduling.  To 
support  these  considerations,  CBI  candidates  are  identified  and  judged 
on  their  flexibility  for  easy  adaption  to  a variety  of  scheduling  modes. 

In  this  regard,  smaller  time  slices  of  30  minutes  to  1 hour  are  less 
desirable  than  those  of  1 to  4 hours. 

f . CBI  implementation  should  provide  for  effective  scheduling 
of  other  laboratory  resources.  The  same  criteria  as  in  "e"  above, 
larger  CBI  time  blocks  and  discreteness  of  topic,  should  also  allow 
easier  scheduling  of  learning  topics  on  tactical  equipment.  This  is 
because  the  CBI  topics  would  not  be  totally  fixed  within  a scheduling 
sequence  by  either  time  or  dependence  on  other  laboratory  learning. 

The  variability  of  scheduling  CBI  and  other  laboratory  topics  is  con- 
sidered a prime  criteria.  (This  is  reflected  in  the  double  weighting 
which  results  from  the  same  requirements,  large  time  blocks  and  dis- 
creteness, for  both  criteria  "e"  and  "f.") 

The  selection  of  equipment  as  CBI  candidates  is  based  on  ranking 
the  equipment  within  each  laboratory  by  the  six  criteria  described  above. 
Using  the  form  in  Table  3-1,  the  ranking  involves:  (a)  listing  each 

piece  of  equipment  within  a given  overloaded  laboratory  (columns  label- 
led A-J) , (b)  assigning  rating  values  from  one  to  four  (one  as  least 
desirable  and  four  as  most  desirable)  to  each  piece  of  equipment  for 
each  of  the  six  criteria,  and  (c)  totaling  these  ratings  for  each  piece 
of  equipment  at  the  bottom  of  the  form  under  the  heading  "TOTAL  WEIGHTING." 
CBI  treatment  areas  for  further  investigation  are  selected  from  the  highest 
weighted* pieces  of  equipment.  In  subsequent  paragraphs  of  this  section, 
these  forms  are  completed  for  each  of  the  three  overloaded  laboratories. 

2.3.2  Training  Levels 


Within  the  SSBN  Training  System,  curriculum  design  proceeds  by 
identifying  the  level  of  knowledge  or  skill  to  be  taught.  This  proce- 
dure allows  the  identification  of  further  training  requirements  asso- 
ciated with  tactical  equipment  operation  or  maintenance.  Training  levels 
provide  a bridge  between  identification  of  equipment  and  corresponding 
training  action  items. 
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Form  for  Ranking  Laboratory  Equipment  as  CBI  Candidates 
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— No  impact  on  requirement 
— Very  little  support  of  requirement 
— Some  support  of  requirement 
— Able  to  fully  support  the  requirement 


The  vehicle,  identified  in  Volume  1 of  NAVORD  OD  45519,  for 
defining  training  levels  are  the  Training  Objective  Statements  (TOS). 

TOS  sets  organize  the  skill  and  knowledge  levels  by  categories  of  system, 
subsystem,  or  equipment,  and  by  a progression  of  functions;  coordinate, 
direct,  and  perform.  These  categories  are  reflected  in  Table  2-4,  which 
also  defines  specific  levels. 

The  TOS  also  defines  the  knowledge  and  skill  levels  by  the  items 
contained  in  the  Personnel  Performance  Profile  (PPP)  tables  for  equip- 
ment. According  to  Volume  1 of  NAVORD  OD  45519  (Rev.  1,  P.  3-15),  the 
Training  Level  Assignment  (TLA) : 

a.  "...  Defines  the  total  training  requirement  for  a 
particular  category  of  personnel  (personnel  that  require 
the  same  knowledge  and  skills)  and,  therefore,  may  be  used 
as  the  means  for  dividing  the  total  training  requirement 
into  . . . categories  of  training  . . . 

b.  Replacement  training — all  training  required  to 
bring  the  individual  to  the  . . . 01,  02,  PI,  and  Cl  levels 
of  performance  . . . 

c.  Conversion  training — all  training  required  to 
convert  personnel  from  one  category  to  another  at  all  TOS 
levels  of  performance  . . . 

d.  Advanced  training — all  training  required  to  bring 

the  individual  from  . . . the  Cl  to  C2  levels  of  performance  . . . 

The  usefulness  of  training  levels  for  CBI  curriculum  selection, 
design,  and  implementation  is  that  they  provide  information  on  the 
depth,  scope,  and  type  of  training  associated  with  hardware  operation 
and  maintenance. 

2.3.3  Action  Items  from  TOS  Sets 


Action  items  are  needed  to  define  the  equipment  training  task 
within  a given  training  level.  The  TOS  sets  associate  the  actions  which 
a trainee  must  perform  on  a specific  piece  of  equipment  to  training 
levels.  Action  items  also  provide  a classification  of  actions  which 
must  be  performed  to  satisfy  training  requirements.  Action  items  found 
in  the  Instructor  Guides  can  be  compared  to  the  section  learning  objec- 
tives with  action  verbs  such  as  calibrate,  inspect,  diagnose,  monitor, 
and  coordinate.  These  classes  of  actions,  when  referenced  to  equipment 
data  as  well  as  training  levels,  provide  equipment  oriented  task  state- 
ments as  training  objectives. 
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Table  2-4 


Training  Level  Definitions 


NAME  GROUP  TRAINED  LEVEL  DESCRIPTION  OF  COVERAGE 


Coordinate  Task  CO/XO  Personnel  01 

TOS  Set 


Direct  Task  Officer  Personnel  01 

TOS  Set 

02 


Ml 


Provides  ability  required  to 
coordinate  all  normal  and 
casualty  and  emergency  opera- 
tional and  maintenance 
procedures , 

Provides  ability  to  direct  all 
normal  operational  procedures. 
Provides  ability  to  direct  all 
normal,  casualty,  and  emergency 
operational  procedures. 

Provides  ability  to  direct  all 
maintenance. 


Perform  Task  NEC  Personnel 

TOS  Set 


01  Provides  ability  to  perform  all 
normal  operational  procedures 
with  supervision. 

02  Provides  ability  to  perform  all 
normal  operational  procedures 
without  supervision  and 
casualty  operational  procedures 
with  supervision. 

03  Provides  ability  to  perform  all 

normal  and  casualty  operational 
procedures  without  supervision. 

PI  Provides  ability  to  perform 

preventative  maintenance  with 
supervision. 

P2  Provides  ability  to  perform 

preventative  maintenance  with- 
out supervision. 

Cl  Provides  ability  to  perform 

basic  fault  and  minor  repair 
with  supervision. 

C2  Provides  ability  to  perform 

authorized  fault  isolation  and 
repairs  with  limited  super- 
vision. 

C3  Provides  ability  to  diagnose 

equipment  malfunctions  and  per- 
form fault  isolation,  major 
repairs,  and  emergency  repairs 
without  supervision. 
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The  derivation  and  cross-referencing  of  action  items,  equipment 
data,  and  training  levels  are  standard  procedures  for  SSBN  Weapon  System 
training.  It  is  accomplished  by  associating  items  in  the  PPPs  to  TOSs 
and  TLAs.  This  step  in  the  CBI  curriculum  selection  method,  therefore, 
has  a one  to  one  correspondence  with  current  practices  non  CBI  curriculum 
and  requires  no  additional  effort. 

For  the  purpose  of  the  study,  POSEIDON  training  documentation  was 
used  to  define  action  items  for  TRIDENT.  This  was  possible  because  the 
action  verbs  are,  by  design,  stable  from  one  SSBN  Weapon  System  to 
another.  They  require  qualification  by  equipment  data  which  is  discussed 
in  paragraphs  2.3.4  and  2.3.5  below. 

2.3.4  Description  of  Instruction 

The  description  of  instruction  was  derived  from  Instructor  Guides 
(IGs)  and  Job  Sheets.  Information  obtained  from  the  IGs  Included  train- 
ing goals,  discussion  points  (with  related  instructor  activity),  trainee 
activity,  and  needed  reference  material.  Job  Sheets  established  measur- 
able trainee  performance  goals  and  products  for  each  laboratory  training 
session.  Critical  Information  contained  in  the  IGs  was  reference  mater- 
ial used  during  training.  Publications  and  related  procedure  guides, 
such  as  casualty  and  standard  maintenance  procedures,  provided  further 
data  which  allowed  determination  of  specific  equipment  characteristics 
and  personnel/equipment  interface  characteristics. 

a.  Instructor  Guides 


The  POSEIDON  curriculum  IGs  offered  sufficient  continuity 
to  illustrate  a significant  portion  of  TRIDENT  laboratory  activities.  The 
IGs  explained  what  was  being  taught  in  a specific  laboratory,  how  it  was 
being  taught,  what  trainee  preparation  was  required,  what  trainee  mater- 
ials were  required,  the  sequence  of  instruction,  and  what  related  instruc- 
tor activity  was  performed.  All  of  these  data  inputs  were  necessary  to 
establish  CBI  strategies  for  simulating  training  on  a specific  piece  of 
equipment. 


b.  Job  Sheets 


Job  Sheets  were  important  in  determining  the  interface  of 
the  trainee  actions  and  related  procedure  documentation.  The  Job  Sheets 
also  provided  Indications  of  expected  student  competencies  upon  comple- 
tion of  the  laboratory  training  and  the  operation  or  maintenance  proce- 
dures of  a specific  piece  of  equipment.  This  allowed  a further  refine- 
ment towards  defining  CBI  simulation  requirements. 
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c.  Reference  Documentation 


Related  documentation  used  in  training  and  on-the-job 
provided  final  focus  on  stimulus  and  response  requirements  for  specific 
tactical  equipment  and  trainee  laboratory  activities.  In  previous 
documentation,  general  instructional  requirements  were  determined.  The 
specific  trainee  activities  required  to  either  operate  or  repair  a piece 
of  equipment  were  now  identified.  This  provided  an  indication  of  trainee/ 
equipment  interface  characteristics,  equipment-to-equipment  interface 
requirements,  and  the  cause  and  effect  relationships  of  specific  opera- 
tion/maintenance functions. 

In  the  event  that  the  TRIDENT  equipment  was  similar,  but 
not  identical  to  that  of  the  POSEIDON,  contractors  were  solicited  to 
determine  what  impact  equipment  modifications  would  have  upon  existing 
POSEIDON  curriculum.  This  input  was  then  evaluated  with  SWS  training 
experts.  The  result  was  used  to  qualify  portions  of  the  instructional 
descriptions  and  CBI  strategies. 

2.3.5  Simulation  Requirements 

To  further  define  SWS  training  requirements,  it  was  necessary 
to  determine  the  simulation  and  stimulation  occuring  on  tactical  and  non- 
tact ical  equipment  in  the  laboratory.  The  simulation  training  provided 
by  the  laboratory  equipment  also  sets  the  criteria  for  CBI  simulation. 
Thus,  both  determination  of  CBI  strategies  and  terminal  media  charac- 
teristics, the  next  two  steps  in  the  selection  process,  are  functions  of 
laboratory  equipment  simulation. 

Three  types  of  simulation  can  be  identified.  These  are  the 
simulation  of:  (a)  equipment  displays  and  response  modes,  (b)  the 

interface,  or  interaction,  of  personnel  with  the  equipment,  and  (c) 
the  interface  of  different  equipment  units,  subsystems,  or  systems. 

The  primary  source  for  information  on  these  three  types  of 
simulation  is  the  specification  for  the  TRIDENT  SWS  laboratory  control- 
ling unit,  the  Central  Stimulation  Complex.  Training  System  Design 
Specification  for  Central  Stimulation  Complex,  GEOS  225A2911,  provided 
data  on  equipment  modes,  laboratory/ equipment  connections,  training 
capabilities,  and  simulation/ stimulation  required.  Typically,  TRIDENT 
operators  and,  to  a large  degree,  maintenance  personnel  will  receive 
input  from  other  stations  through  channeling  provided  by  the  tactical 
equipment  itself  and  will  be  cognizant  of  only  the  information  presented 
in  the  specific  form  supplied  by  the  piece  of  equipment. 

a.  Equipment  Simulation 

The  simulation  requirements  for  CBI  start  at  the  point  of 
equipment  component  representations.  Each  piece  of  equipment  is  unique 
but  possesses  similar  display  and  interface  attributes.  These  attributes. 
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within  TRIDENT,  are  not  that  numerous.  The  equipment  attributes  are, 
for  instance:  actuator /indicators  which  are  illuminated  to  various 

colors  when  actuated;  digital  readouts  which  change  as  the  simulation  is 
acted  upon  and  responds;  various  switch  types,  such  as  key  activated, 
toggle,  three-digit  thumbwheel,  and  multipositional  rotary  switches; 
printer  readouts  which  would  complement  the  actions  of  a piece  of  equip- 
ment; and  Insert  slots  for  magnetic  tape  cartridges.  It  is  these 
attributes  which  the  trainee  is  exposed  to  as  he  performs  equipment 
operations. 


Slightly  higher  order  attributes  are  needed  when  maintenance 
functions  are  introduced  into  the  simulation.  These  simulations  may 
require,  for  example,  that  the  equipment,  in  the  form  of  equipment 
drawers  and  panels  of  type  2 and  3 modules,  be  represented  on  a display 
with  motion  indicating  placement  or  replacement.  The  equipment  simula- 
tion requirements  develop,  in  many  cases,  into  a hierarchy  as  the  train- 
ing levels  advance.  Thus,  01  simulation  supports  02,  which  might 
require  the  addition  of  slightly  more  components,  and  PI  directly 
contributes  to  providing  a Cl  simulation  base  which  can  be  further 
embellished. 


b.  Personnel  Interface  Simulation 


Once  the  equipment  simulation  requirements  have  been  identified, 
it  is  then  possible  to  determine  what  personnel  actions  activate  the  equip- 
ment. Personnel  actions  are  translated  by  the  equipment  into  some  mean- 
ingful response.  The  personnel  interface  simulation  requirements  are  the 
actions,  resulting  displays,  procedures,  and  sequences  required  for  train- 
ing. The  interface  is  bi-directional  in  that  the  equipment  provides 
information  to  the  user  and  the  user  in  turn  requests  or  responds  to  the 
equipment . 


c.  Equipment-to-Equipment  Simulation 

The  simulation  requirements  for  equipment  external  to  that  on 
which  training  occurs  are  driven  by  the  need  to  provide  realistic  display 
and  response  interfaces.  While  items  in  a and  b above  do  not  require 
complete  high  fidelity,  there  can  be  no  deviation  from  technical  documenta- 
tion, such  as  procedural  guides.  The  Central  Simulation  Complex  provides 
fidelity  in  the  tactical  equipment,  both  to  hardware  and  documentation 
procedures.  Other  nontact ical  equipment  is  also  used  to  fill  this  function. 

The  simulation  of  tactical  equipment  must  also  be  considered 
for  CBI  implementation.  For  each  piece  of  equipment  selected  in  the  over- 
loaded laboratories,  these  CBI  requirements  were  analyzed  and  included  in 
the  strategies. 
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2.3.6  CBI  Strategies 


At  this  point  all  the  information  pertaining  to  equipment  and 
instruction  is  focused  on  identifying  characteristics  of  the  laboratory 
training  which  are  relevant  to  CBI  design.  The  possible  CBI  strategies 
identified  to  simulate  the  training  functions  of  actual  laboratory 
tactical  equipment  must  be  viewed  as  tentative  here.  They  are,  however, 
close  approximations  of  the  CBI  capabilities  which  will  be  used  in  the 
actual  implementation  effort.  The  same  categories  used  to  determine 
simulation  requirements  were  used  to  derive  CBI  strategies. 

The  identification  of  CBI  strategies  includes  what  aspects  of 
the  equipment  should  be  represented  in  the  displays,  particular  aspects 
of  the  display  requirements  (such  as  color  or  symbols),  and  how  the  dis- 
plays should  react  to  varying  response  modes  (such  as  color  or  number 
change  as  a result  of  an  actuator  button  push).  Many  other  strategy 
types,  which  were  not  considered  significant  to  the  goals  of  the  study, 
must  be  developed  during  final  CBI  design  efforts.  These  strategies 
include  branching,  optimization,  adaptive,  adjunct,  and  dynamic  techniques 
as  a few  examples.  All  of  these  may  be  used,  as  appropriate  in  CBI,  but 
they  do  not  relate  directly  to  determination  of  student /CBI  media  inter- 
face requirements. 

a.  Equipment  Simulation 


The  CBI  strategies  for  equipment  simulation  are  primarily 
derived  from  the  instruction  descriptions  and  equipment  simulation  require- 
ments. The  information  of  interest  is  the  equipment  characteristics  which 
will  need  to  be  displayed  under  CBI.  The  CBI  display  requirements  include 
panels,  equipment  displays,  knobology,  and  the  fidelity  and  scope  of  the 
task  involved.  More  detailed  considerations  of  these  features  include 
e:>:tent  of  symbols  (such  as  alphanumerics  or  electronic  circuits)  color, 
motion,  rate  of  change,  and  real  time  needs. 

b.  Personnel  Interface  Simulation 


Personnel  interface  CBI  strategies  were  derived  from  the  in- 
structional descriptions  and  personnel  interface  requirements  of  the  labora- 
tory tactical  equipment.  The  information  of  concern  is  the  response  and 
interaction  characteristics  of  the  learning  task.  Emphasis  is,  there- 
fore, placed  on  the  actions  and  reactions  in  the  operation  and  mainten- 
ance learning  tasks.  Specific  provisions  in  the  simulation  are,  for 
example,  operator  input  by  thumb  switch  or  key,  color  changes  on  actua- 
tor/indicators, and  inter-equipment  operator  messages. 

c.  Equipment-t 0-Equipment  Simulation 

External  equipment  simulation  CBI  strategies  were  derived  from 
the  instructional  descriptions  and  external  equipment  interface  requirements 
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for  the  laboratory  tactical  equipment.  The  information  derived  is  used 
to  set  requirements  for  such  items  as  real  time  requirements,  event 
sequences,  and  external  message  Interfaces. 

2.3.7  CBI  Terminal  Characteristics 


The  seventh  and  final  step  in  the  process  for  selection  and  pre- 
liminary design  of  CBI  amenable  curriculum  for  SWS  training  is  deter- 
mination of  the  terminal  media  characteristics.  There  are  two  purposes 
for  inclusion  of  this  step  in  the  methodology.  First,  the  definition  of 
"amenable"  becomes  extended  to  Include  only  those  topics  which  can  be 
delivered  to  the  student  by  state-of-the-art  CBI.  That  is,  since  the 
simulation  requirements  and  CBI  strategies  have  been  identified  it  is 
now  possible  to  match  them  against  available  terminal  characteristics. 

Further,  since  the  CBI  terminal  is  the  instructional  media  or 
delivery  system,  it  is  appropriate  that  specifications  for  the  terminal 
be  Included  in  the  analysis  of  training  rather  than  being  based  on 
computing  factors.  This  latter  concept  leads  to  the  second  purpose. 

The  identification  of  requirements  for  terminal  media  characteristics 
provides  the  initial  step  in  selecting  and  configuring  the  total  CBI 
systems  which  meet  TRIDENT  SWS  training  needs.  Subsequent  paragraphs 
of  this  section,  in  fact,  uses  the  results  derived  from  analysis  of 
terminal  media  requirements  in  the  overloaded  laboratories  to  determine 
the  overall  terminal  configurations.  The  latter  is  then  used  in  section  3 
as  a base  for  matching  SWS  requirements  against  CBI  systems. 

The  media  characteristics  of  interest  are  divided  into  two  general 
categories:  (a)  display  and  (b)  response.  Display  characteristics 

Included  for  consideration  were  dynamic  graphics,  static  graphics,  photo- 
graphic overlays  or  separate  displays,  color,  alphanumerics,  resolution, 
and  audio.  Response  characteristics  considered  Included  position 
indicators  such  as  touch  panels  and  stylus,  types  of  keyboards,  and 
special  function  response  units.  Each  of  these,  and  others,  were  matched 
to  the  possible  strategies  determined  for  SWS  topics  selected  for  CBI. 

2.4  Launcher  Control  Group  Laboratory 

The  MK  13  MOD  0 Launcher  Control  Group  (LCG)  will  be  composed  of 
the  equipment  required  to  control  and  monitor  the  status  of  the  launcher 
subsystem  and  each  of  the  24  launchers  during  the  many  conditions  of  SWS 
operation.  The  LCG  will  also  monitor  the  status  of  certain  operational 
functions  related  to  launcher  operation  in  fire  control,  missile,  and 
ship  subsystem  functions. 

A total  of  seven  equipments  in  the  LCG  were  studied  for  CBI  amen- 
ability. These  are  the  Launcher  Control  Console  (LCC) , Launch  Saf ing 
Assembly  (LSA),  Built-In  Test  Equipment  (BITE),  Missile  Tube  Logic  and 
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Control  Assembly  (MTLCA) , Subsystem  Logic  Control  and  Alarm  Assembly 
CSLCAA) , Power  Detonator  Assembly  (PDA) , and  Missile  Tube  Alarm  Assembly 
(MTAA) . The  LCC  and  the  equipment  cabinet  for  the  LSA  will  be  located 
in  the  Missile  Control  Center,  while  other  LCG  related  equipment  will  be 
located  in  the  Missile  Compartment. 

2.4.1  Equipment  Selection 

After  the  LCG  laboratory  was  identified  as  being  overloaded,  each 
piece  of  associated  equipment  was  examined  in  terms  of  its  ability  to 
support  the  six  selection  criteria  discussed  in  paragraph  2.3.1.  The 
result  of  that  analysis  is  depicted  in  Table  2-5.  Two  pieces  of  equipment, 
the  LCC  and  the  BITE,  were  determined  to  be  prime  LCG  CBI  candidates.  The 
other  LCG  equipments  ranked  lower  because  of  the  lack  of  continuity  in 
training  context,  the  lack  of  available  TRIDENT  or  POSEIDON  documentation 
due  to  the  upgrade  from  16  to  24  missiles,  and  the  lack  of  reinforcement 
by  other  laboratory  instruction. 

The  LCC  was  ideally  suited  for  CBI  treatment.  CBI  can  be  used  for 
01  and  02  training  level  functions  with  minimal  courseware  development 
since  the  same  front  panel  display  representations  would  be  used  for 
interface  with  the  student.  Also,  documentation  from  POSEIDON  was  available 
to  support  the  study  of  CBI  strategies.  By  focusing  at  the  01  and  02 
training  levels,  CBI  would  provide  continuity  in  topic  areas  which  would 
need  little  support  from  other  laboratory  instruction.  At  the  same  time, 
however,  the  CBI-acquired  LCC  skills  would  be  demonstrated  and  practiced 
during  the  operation  of  the  LCG  equipment  in  the  laboratory.  In  addition, 
because  the  CBI  lessons  stand  well  by  themselves,  the  LCC  training  on  CBI 
would  be  easy  to  schedule  and  would  provide  ease  in  scheduling  the  remain- 
ing LCG  laboratory  hours.  An  extra  benefit  in  selecting  the  LCC  would  be 
the  possible  transference  of  the  CBI  lesson  to  either  SSO/SMO  orientation 
courses  or  team  training  remedial  efforts. 

The  BITE  was  equally  impressive  for  CBI  treatment.  Although  com- 
parable to  the  LCC  on  most  of  the  selection  criteria,  the  BITE,  being  a 
new  piece  of  equipment,  was  not  involved  in  any  prior  training  experiences. 
To  extensively  train  on  the  BITE  would  require  the  simulated  inputs  of 
other  LCG  equipments,  their  associated  drawer  characteristics,  and  adjunct 
maintenance  documentation.  These  requirements,  without  documentation, 
could  enlarge  the  courseware  development  effort  and,  for  this  reason,  the 
BITE  was  not  as  attractive  a CBI  candidate  as  the  LCC.  The  BITE  is  a 
candidate  for  consideration  if  later  TRITRAFAC  situations  necessitate 
additional  CBI  treatment  within  the  LCG.  In  addition,  the  BITE  is  the 
focal  point  for  fault  isolation  (except  for  the  LCC)  during  replacement 
training  and,  as  such,  can  facilitate  instructional  continuity  to  other 
equipment. 
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2.4.2 


LCC  Description 


The  LCC  will  contain  displays  and  controls  used  by  the  launch 
supervisor  to  control  and  monitor  the  launcher  subsystem  during  different 
readiness  conditions  as  well  as  during  loading,  subsystem  testing, 
launching,  and  jettisoning  operations.  The  LCC  panels  are  the  primary 
personnel  interface  and  are  grouped  by  functions  performed. 

There  are  six  basic  panels  in  the  LCC.  Each  has  a separate  func- 
tion and  is  composed  of  various  alarms,  actuator/indicators  switches, 
and  light  emitting  diodes.  In  addition  to  the  six  LCC  panels,  a Missile 
Monitor  Signal  Conditioner  OlMSC)  will  be  mounted  on  the  LCC. 

a.  The  Launcher  Console  Status  Panel  consists  of  24  subpanels 
arranged  in  vertical  columns.  Two  actuator/indicators  on  each  panel  will 
be  used  to  initiate  pressurization  or  Impose  manual  hold.  A digital  read- 
out will  indicate  launcher  tube  air  pressure.  Indicators  will  be  illuminated 
for  status  conditions. 

b.  Launcher  Switch  Modules  consists  of  switches  required  to 
control  the  hatch,  access  doors,  and  pressure  supply  vent  valves  for  each 
launcher . 


c.  The  Launcher  Console  Subsystem  Panel  consists  of  three-position 
toggle  switches  to  select  pressurization,  pressurization  rate,  sea  sensing 
header  value  position,  launch  mode  and  hydraulic  value  position.  A three- 
position,  key  actuated  switch  will  set  the  operating  mode.  A Missile 
Compartment  station  manning  button  is  provided.  A three-digit  thumbwheel 
type  switch  and  digital  readout  will  indicate  tube  number. 

d.  The  Alarm  Panel  will  consist  of  red  and  amber  switchllght 
indicators.  Six  columns  of  switch  Indicator  lights  will  display  launcher 
operational  status.  Sixteen  operational  alarms  and  27  status  alarms  are 
displayed.  A light  emitting  diode  will  indicate  tube  number.  System 
alarms  will  be  displayed  in  three  columns.  Twenty-four  system  alarm 
indicator  lights  are  either  red  or  amber;  red  alarms  will  denote  Immediate 
action  and  amber  alarms  indicate  when  an  operator  exercises  caution,  re- 
check, or  unexpected  delay  actions. 

e.  The  Jettison  Panel  contains  a key  actuated  switch  to  activate 
the  panel.  Twenty-four  actuator/indicator  buttons  are  used  for  selecting 
a given  launcher  for  missile  Jettisoning.  A prepare  actuator /indicator 
will  generate  either  a "Denote"  or  "Prepare"  signal. 

f.  The  Environmental  Readout  Panel  will  consist  of  meters  with 
white  alphanumeric  values  on  black  background.  The  meters  display,  in 
digital  form,  the  launcher  environmental  conditions  including  temperature, 
humidity  and  pressure.  Temperature  is  displayed  on  two  separate  meters  to 
the  nearest  tenth  of  a degree  Fahrenheit.  Humidity  condition  is  displayed 
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on  two  separate  meters  with  reading  shown  in  percent  of  relative  humidity. 
Pressure  is  displayed  on  four  separate  meters  with  readings  shown  in 
tenths  of  a pound. 

2.4.3  CBI  Selection  Analysis  for  LCC 

In  examining  the  LCC  for  specific  CBI  attributes,  it  was  determined 
that  the  LCC  offered  excellent  treatment  within  the  01  and  02  training 
levels.  From  the  laboratory  utilization  analysis,  discussed  in  paragraph  2.2, 
the  number  of  laboratory  hours  to  be  supplemented  by  CBI  was  established 
at  8.  These  8 hours  were  divided  evenly  into  two  4-hour  blocks  of  CBI 
at  the  01  and  02  levels  in  replacement  courses.  It  should  be  noted  that 
these  two  4-hour  blocks  do  not  cover  every  LCC  01  and  02  training  require- 
ment. Only  those  which  were  deemed  appropriate  for  CBI  using  the  methodology 
developed  in  paragraph  2.3  were  Included  in  this  analysis.  A summary 
description  of  the  suitable  training  topic  areas  is  provided  in  Table  2-6 
and  discussed  further  below. 

After  the  number  of  hours  were  derived,  the  analysis  addressed 
the  overall  training  goal,  or  goals,  encompassed  within  a specific  training 
level  (identified  in  the  column  marked  "Action  Items").  For  the  LCC,  the 
01  level  entailed  normal  operating  procedures  with  supervision  at  both 
surfaced  and  submerged  modes,  while  the  02  level  demanded  the  additional 
requirements  of  normal  operating  procedures  without  supervision  and  casualty 
procedures  with  supervision.  The  analysis  also  provided  a description  of 
the  salient  points  of  the  instruction  which  would  be  addressed  in  the  CBI 
laboratory  treatment  (third  column) . The  CBI  topic  time  allotments  were 
based  upon  POSEIDON  training,  TRIDENT  requirements,  and  CBI  simulation 
general  experience. 

The  simulation  requirements  were  then  determined  for  the  LCC  in 
three  areas:  (1)  what  the  equipment  would  provide  to  the  operator  in 

terms  of  displays  and  components,  (2)  how  the  operator  would  interact 
with  the  LCC  and  associated  equipment,  and  (3)  what  outside  equlpment-to- 
equlpment  inputs  and  outputs  would  be  needed  to  provide  a realistic 
scenario  of  operations  for  the  trainee.  After  the  identification  of 
attributes  pertinent  to  each  of  these  areas,  the  CBI  required  terminal 
characteristics  were  listed. 

2.4.4  Results  of  CBI  Analysis 

It  was  determined  that  all  LCC  instruction  and  identified  equip- 
ment displays,  components,  and  Interactions  could  be  adequately  provided 
for  by  CBI  technology.  By  the  use  of  a wide  range  of  terminal  characteris- 
tics, supplementing  the  laboratory  equipment  by  CBI  can  be  achieved  in 
sufficient  quality  and  quantity  to  account  for  the  two  4-hour  time  periods 
at  the  01  and  02  levels.  Specific  unique  characteristics  brought  to 
light  by  the  analysis  are  worthy  of  mention. 
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Table  2-6 
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a.  Toggle  awltchaa 

(3)  Conaola  aubayatan 

in  aceordanca  with 

f.  Thraa-dlflt  thunb-uhaal 

(4)  Conaola  alara 

docuaantatlon  by  pealtioni&g 

awltch 

(S)  Jattiaon 

LCC  avltchaa  and  actuatora/ 

(6)  IttvironMncal 

Udlcatera  in  tho  proper 

readout 

nomal  oparatiag  aodao  with 

b.  Sinulata  MtSC  panel 

auparviatoa 

c.  Proaida  for  at  least 

Color  or  Color 

4 eolora  on  actua- 

Doalgnatlon 

tora/lndicatora 

Capability. 

d.  Proaida  for  a rang# 

Progrannabla 

of  alphanumrlc 

Syobol  Cana ra- 

aaluaa 

tion  with  Past 
Raapenaa  Tim. 

1.2  QuUiSX  LR-ItWlMrtt 

4.2  OHriMC 

a.  Phyalcal  ■asipolatloo  of 

a.  Proaida  for  noaabla 

Dynanlt  Craphlca. 

3.1 

awltdiiag  poaitlona 
b.  Proaida  for  appro- 

Color or  Color 

priate  color  Md 
liluninatioo 

Designation 

e.  Proaida  for  operator 

Touch  or  Stylus 

input 

Input. 

3.3  EcuiaMBt  CO  gculwunt 

4.3  Iquipmat-to-tduiPignt 

Sinulatlon 

a.  PC  ainulatlon  for  LCC 

b.  PC  avltchboard 

a.  Proaida  for  raal/tim 

Feat  Reaponae 

c.  Launchar  tuba  (24) 

raaponaaa 

Tim. 

d.  tW  (24) 

b.  Proaida  for  proper 

Ease  In  Author- 

a. SVSSQfP 

aaguanclog 

ing  and  editing 

r.  m$C  (24) 
g.  Ship  aubayatana 

e.  Cnaura  coapattbiltty 

fron  Rayboerd. 

h.  Spare  guidance  IMPS 

with  docunentatieo 

02  ^ 

1.1  rarfora  ail  aoraaX 
oparaeiag  prooadaraa 

2.1  Parfona  ail  aonaal  and 
eaaualty  oporatlona  with 

3.1  CQuiPwaot  to  Operator 

4.1  gquipmnt  SlnuUtlon 

without  aupa>^l*^^ 
and  eaaualtp  proca* 
duraa  with  aupat" 
vlaioci  for  ICC, 

auparvialoo  on  tha  LCC 
during  a Btratapic 
Launch,  utilitlng  all 
Caaualty  Procaduraa  (CPa) 

a.  Sana  aa  01  laaal 

b.  Status  report  input 

a.  Sam  aa  01  laval 

b.  Audio  rnporta  froai 
ralaaant  areas  af 
tha  launch  ayatan 

Sam  aa  01  Ivval 

Sinulatlon  of 
Audio  naaaagat 

iaaludiag  both  our* 
faoad  aad  aubaargad 

Unodiata  and  dofarrad 

by  ''maaaga  win- 

actiona  and  all  Weapon 

dm*'  or  Dual 

■odaa 

Oparation  Procaduraa 
(MOPa) 

3.2  Qptracor  to  Caulpnant 

4.2  Operator  latarfaca 

Diaplay 

a.  taoM  aa  01  laval 

a.  Sam  as  01  laaal 

Sam  aa  01  laval 

b.  laaponaa  to  3.1  (b) 

b.  Ackoowladgamnt  of 

Function  Raya  or 

4.1(b)  sboaa  and 

Tottch/Stylus 

appropriate  actiona 

Input 

3.3  Ifluisnont  to  Eaulraant 

4.3  UulXNMSt-Co-BoulDnant 

Sinulatlon 

a.  SaiM  aa  01  laval 

a.  Sam  aa  01  level 

Sam  aa  01  laval 

2.2  Par fora  eoordlnatad  LCC 
ponal  and  Jattiaon  panal 

3.4  imijemi-M-gptriMt 

4.4  tflulpmnt  Sinuiation 

oporatlona  to  porfora  a 
aubooegod  JactiooQ  opera- 
tloB  in  aceordanca  uUh 
docuoantatlon 

a.  Sana  aa  3.1 

b.  Diaplay  for  coordination 
affects 

a.  Sam  aa  4.1  level 

b.  Display  of  LCC  pamla 

Sam  as  01  laval 
Picture  or 
Graphic  with 
Color  or  Color 
indicatera 

3.3  ggtlgSPr  a. 

6.3  Operator  IntarUca 

a.  Sam  aa  3.2 

a.  Sam  aa  4.2 

Sam  aa  01  laval 

3.6  sg.Kwimtt; 

4.6  leuipmnt-to-Eoulounnt 

a.  Sam  aa  01  laaal 

a.  Sam  aa  01  level 

Sam  aa  01  laaal 

^Number  of  Laboratory  Hours  Replaced:  4 
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The  analysis  did  not  attempt  to  provide  total  integration  of 
knowledge  and  skills  at  a system  or  subsystem  level  on  CBI.  It  was  felt 
that  system  level  concepts  could  be  better  provided  with  the  laboratory 
equipment. 

It  was  determined  that  a large  amount  of  equipment  interfaces 
would  be  essential  in  both  01  and  02  levels.  However,  while  this  is 
true  for  the  actual  equipment,  the  displays  channel  this  multitude  of 
differing  input/output  signals  into  actuators/indicators,  switches,  and 
readouts.  The  trainee  under  CBI  doesn^t  actually  need  a switchboard,  for 
example,  but  he  does  need  a representation  of  the  input/output  action  on 
the  switchboard  and  a particular  indicator,  procedure,  or  process  on  the 
LCC.  This  function  can  be  performed  by  CBI  as  well  as  the  actual  LCC. 

The  CBI  programming  will  take  into  account  equipment-to-equipment  require- 
ments for  the  LCC  by  the  proper  sequencing  of  responses  in  real  time  and 
compatibility  with  existing  documentation. 

At  the  02  level,  it  was  determined  that  the  trainee  receives 
instructional  experiences  not  only  from  the  LCC  displays  but  also  from 
the  audio  interchange  between  himself  and  other  watch-stations  through- 
out the  FBM  system.  This  characteristic  suggested  including  an  audio 
system  in  the  CBI  terminal.  To  successfully  meet  this  instructional 
requirement,  a "canned"  voice  output  or  displayed  text  would  be  suffi- 
cient and  trainee  input  could  be  in  the  form  of  simplified  keyboard 
responses. 

Also  at  the  02  training  level,  the  requirement  existed  to  provide 
for  deferred  actions  by  the  trainee  during  countdowns  and  testing  opera- 
tions. This  required  the  inclusion  of  sufficient  memory  within  the  CBI 
terminal  to  store,  sort,  and  prioritize  these  deferred  actions. 

Closely  related  to  all  the  instruction  provided  by  the  LCG  is 
the  need  to  tie  existing  documentation  tightly  into  the  CBI  instruction. 

It  is  necessary  for  the  CBI  lessons  to  be  driven  in  large  part  by  the 
documented  sequences,  procedures,  and  processes. 

Lastly,  coordinated  activities  will  be  required  by  the  operator 
when  utilizing  different  panels  on  the  LCC.  The  Jettison  Panel,  for 
example,  will  require  coordinated  efforts  with  the  other  LCC  panels  in 
order  to  demonstrate  all  required  operations.  For  this  reason,  display 
of  both  panels  simultaneously  was  suggested  to  convey  to  the  trainee 
what  the  coordination  would  entail  within  the  jettisoning  operation. 

2.4.5  Recommendations  for  Additional  CBI  Treatment 


Included  within  the  laboratory  overload  analysis,  described  in 
paragraph  2.2.2,  was  the  provision  for  additional  CBI  hours  should  the 
need  arise.  The  following  CBI  analysis  for  the  LCG  is  provided  to  meet 
any  such  future  developments. 
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2.4.5. 1 Additional  CBI  Hours  on  LCC  Topic  Areas 


An  additional  three  CBI  hours  were  identified  for  LCC  considera- 
tion and  are  included  in  Table  2-7.  The  one  hour  at  the  PI  level  would 
basically  consist  of  having  the  trainee  become  familiar  with  the  documenta- 
tion resources  required  for  preventive  maintenance  upon  the  various  LCC 
components.  Two  hours  were  designated  for  CBI  treatment  at  the  Cl  train- 
ing level,  as  seen  in  Table  2-7.  As  with  the  proposed  PI  treatment,  the 
documentation-to-equipment-to-trainee  interface  was  stressed.  It  was 
determined  that  maintenance  activities,  in  the  form  of  recognition  and 
interpretation  of  malfunctions,  could  be  performed  by  CBI.  Training  by 
CBI  in  the  maintenance  areas  would  not  be  designed  to  completely 
supersede  conventional  laboratory  training  but  would  only  be  focused  at 
providing  ''advanced  organizers"  and  procedural  tutorial  assistance  before 
the  trainee  was  exposed  to  the  actual  laboratory  experience.  This  would 
accomplish  a more  positive  and  productive  utilization  of  the  trainee's 
time  and  efforts  when  he  eventually  encountered  specific  maintenance 
malfunction  problems  in  the  laboratory,  thus  enhancing  greater  laboratory 
skills  learning  on  the  part  of  the  trainee. 

2.4.5. 2 CBI  Hours  on  BITE  Topic  Areas 

Built-in  test  equipment  (BITE)  will  be  located  in  one  electronic 
equipment  enclosure  within  the  LCG.  All  BITE  components  will  be  housed 
within  this  equipment  enclosure.  Components  will  include  a mini-computer, 
a drawer  test  slot,  a relay  test  slot,  standard  electronic  modules, 
a control  panel  printer,  power  supplies,  a magnetic  tape  reader  for  soft- 
ware (on  cartridges)  required  for  programming  the  computer  for  the  needed 
test,  and  input/output  interface  circuitry. 

BITE  will  possess  the  capability  of  testing  separate  LCG  equipment 
drawers,  standard  electronic  modules,  and  relays.  The  identification  of 
faults  will  occur  down  to  groups  of  six  or  fewer  modules  or  relays.  Self- 
testing  of  the  BITE  will  also  occur  along  with  the  maintenance  testing  of 
its  own  printer,  tape  recorder,  and  interface  circuitry  components.  The 
LCG  equipment  drawer  tests  will  consist  of  monitoring  drawer  outputs  for 
positive  or  negative  responses.  Individual  tests  are  selected  on  the 
BITE  control  panel  and  test  sequences  are  computer  controlled.  Test 
results  for  each  step  are  stored  with  faults  being  printed  for  action. 

Both  fault  description  and  location  information  will  be  provided.  Main- 
tenance will  be  performed  by  isolating  suspected  faulty  modules  and  then 
testing  the  module  in  the  standard  electronic  module  test  slot. 

Six  hours  were  identified  as  possible  CBI  hours  in  the  laboratory 
instruction  pertaining  to  BITE.  These  six  hours  were  composed  of  the 
following  breakdown:  one  hour  for  01  training,  two  hours  for  02  training, 

one  hour  for  PI  training,  and  two  hours  for  Cl  training.  The  analyses  of 
these  six  hours  by  training  level  are  provided  in  Table  2-8. 
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Table  2-7 


Additional  LCG  CBI  Hours  In  LCC 


TRAINING 

ACTION  ITEMS 

INSTRUCTION 

SIMULATION 

POSSIBLE  CBI 

TERMINAL 

LEVEL 

(TOS*s) 

DESCRIPTION 

REQUIREMENTS 

STRATEGY (S) 

ITEMS 

l.I  Parfoni  basic  fault 

2*1  Recognise  and  Interpret 

3.1  EQulrmenc  to  Operator 

4.1  Equipment  Simulation 

isolation  and  nlnor 

indication  of  malfunc- 

repair  with  super- 

tlona  and  perform  basic 

a.  Same  as  01  and  PI  levels 

a.  Sams  as  01  and  PI 

Same  as  02  level 

vision  on  LCC 

fault  isolation  proce- 

b.  Associated  teat  equip- 

levels 

dure  contained  In  pre- 

ment 

b.  Simulate  associated 

scribed  documentation. 

c.  LCC  coatponenta 

test  equipment  panels 

This  instruction  is 

(1)  Standard  electronic 

and  appropriate  read- 

focused at  relay  and 

modules  (SIM's) 

ings  corresponding 

module  failure. 

(2)  Relays 

to  documented  para- 

meters 

c.  Provide  for  both 

graphic  and  pictorial 

.represents tlona  of 

LCC  components 

3.2  Operator  to  Eauiptnent 

4.2  Operator  Interface 

a.  Same  as  01  and  PI  levels 

a.  Same  as  01  and  PI 

Same  as  02  level 

b.  Provide  for  operator 

levsla 

coordination  between 

b.  Provide  for  both 

LCC  components  and  aaso- 

graphic  and  pictor- 

ciaced teat  equipment 

ial  rapreientstlona 

functions 

of  LCC  componenta 

and  aasoclated  test 

equipment  and  dual 

display 

3.3  Equipment  Co  Equipment 

4.3  Equipment- to-Equlpment 

Simulation 

a.  Sana  aa  01  and  PI  levels 

b.  LCC  components  for  asso- 

a. Same  aa  01  and  PI 

Same  aa  01  level 

ciated  equipment 

levels 

1.2  Pcrfora  operational 

2.2  Perform  alignment,  ad- 

3.4  Equipment  to  Operator 

3.4  Equipment  Simulation 

teats  for  baalc  cor- 

jusement or  calibration 

rective  maintenance 

procedures  and  opara- 

a.  Same  as  3.1 

a.  Same  aa  4.1 

Same  aa  02  level 

cional  teats  for  basic 

b.  LCC  components 

corrective  maintenance 

in  accordance  with  docu- 

3.S Operator  to  Equipment 

4.5  Operator  Interface 

mentation.  The  instruc- 

tion at  this  point 

a.  Same  aa  3.2 

a.  Same  as  4.2 

Same  aa  01  level 

atreasea  operational 

b.  Provide  for  operator 

testing  which  should  not 

coordination  between 

differ  greatly  from  the 

LC  components  and  asso- 

basic functions  provided 

ciated  teat  equipment 

In  2.1 

functions 

3.6  Equipment  to  Equipment 

4.6  Equipment- to-Equipment 

Simulation 

a.  Same  as  3.3 

a.  Same  as  4, 3 

Same  aa  01  level 

1.3  Use  teat  equipment 

2.3  Ferform  postrepair  pro- 

3.7 Equipment  to  Operator 

4.7  Equipment  Simulation 

required  for  basic 

cedures  in  accordance 

corrective  mainten- 

with documentation 

a.  Same  as  3.4 

a.  Same  aa  4.4 

Same  aa  02  level 

ance 

3.8  Operator  to  Equipment 

4.8  Operator  Interface 

a.  Same  as  3.5 

a.  Saaie  as  4.5 

Same  at  02  level 

3.9  Equipment  to  Equipment 

4.9  Equlpment-to-EqullMBent 

Simulation 

a.  Sam  aa  3.3 

a.  Same  as  4.3 

Same  aa  01  level 

2,t*  Use  test  equipment  re- 

3.10 Equipment  Co  Operator 

4.10  Equipment  Simulation 

quired  for  basic  cor- 

rective maintenance  in 

a.  Same  as  3.4  with  Inser- 

a. Same  as  4.4 

Same  as  02  level 

accordance  with  docu- 

tion of  specific  repair 

mentation  for  specif ic 

problems 

repair  altustlona 

1 

3.11  Operator  to  Equipment 

4.U  Operator  Interface 

a.  Same  aa  3.5  with  inser- 

a. Same  as  4.5 

Same  aa  02  level 

tion  of  specific  repair 

problems 

3.12  Equipment  to  Equipment 

4.12  Equlpm*ot-to-Equlpmsnt 

Simulation 

a.  Sams  as  3.3  with  Insar- 

tlon  of  apaclfic 

a.  Sams  aa  4.3 

Same  aa  01  level 

problems 

dumber  of 


Laboratory  Hours  Replaced; 


2 


2-31 


Table  2-7  (Continued) 


TRAINING 

LEVEL 

ACTION  ITEMS 
(TOS's) 

INSTRUCTION 

DESCRIPTION 

SIMULATION 

REQUIREMENTS 

POSSIBLE  CBI 
STRATEGY (S) 

TERMINAL 

ITEMS 

1*1  b 

1.1  Perform  preventative 
•alncenance  proce*> 
durea  with  ■uper'> 
vision  on  LCC  in 
accordance  with 
docuacatation 

2.1  Perform  basic  prevents- 

3.1  Equipment  to  Operator 

U.\  Equipment  Simulation 

live  maintenance  proce- 
dures as  preaenced  tn 
the  SMP/SOP.  Including 
operational  test  proce- 
dures as  required  by 
applicable  docuswntat ion. 
This  section  entails 
only  the  use  of  the 
documentation  on  PH  and 

a.  Same  as  01  level 

b.  CrsphicB  and  pictorial 
representation  of  equip- 
ment and  proceduree 

3.2  Operator  to  Equipment 

a.  Desionatratlon  of 
hands-on  spplicscion 

b.  Simulation  of  circuit 
breaker  switches 

c.  Associated  test 
equipment 

4.2  Operator  Interface 

Same  as  02  level 

operational  testing  pro- 
cedures for  represent s- 
tlve  preventative  main- 
tenance problems. 

a.  Same  as  01  level 

b.  Ability  to  follow  PM 
proceduree  and  opera- 
tional teat  procedures 

a.  Interrogation  by 
operator  of  perti- 
nent documentation 
and  procedures 

Same  aa  02  level 

3.3  Equipment  to  Equipment 

4.3  Ecu ipment-to- Equipment 

a.  Same  as  01  level 

b.  Power  to  circuit  breaker 
MV Itches 

C.  Associated  test  equipment 
to  LCC  components 

Simulation 

a.  Same  as  01  level 

Same  as  01  level 

Number  of  Laboratory  Hours  Replaced:  1 
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Table  2-8 

LCG  Hours  Selected  for  CBI  in  BITE 


TRAINING 

LEVEL 

action  items 

INSTRUCTION 

SIMULATION 

POSSIBLE  CB2 

TERMINAL 

(TOS's) 

DESCRIPTION 

REQUIREMENTS 

STRATEGY (S) 

ITEMS 

01  ^ 

1.1  P*Tfor«  norBsl  opera- 

2.1  Perfom  the  following 

3.1  Equlpmenc  to  Operator 

4.1  Equipment  Simulation 

tlnn  procedures  for 
bite  with  supervision 

procedures  on  BITEi 

e.  Actuator/indicators 

e.  Simulate  the  follow- 

High Resolution. 

a.  Power  up 

b.  Illumlnetion  of  (e) 

ing: 

Picture  or  Lra- 

b.  Operate  control  panel 

c.  Switches 

(1)  Power  supplies 

phlc  Capeblllty 

d.  Printer  reedouta 

(2)  Control  Panel 

in  eccordance  with  proper 

e.  Slots 

(3)  Printer 

documentation  by  posi- 

f.  Cartridges 

(4)  Drawer,  reley. 

tioning  BITE  switches 

SEM  slots 

and  actuator/indicatore 

(S)  Magnetic  tape 

in  the  proper  normal 

reeder 

1 

operating  modes  when 

(6)  Cartridges 

testing  BITE  end  other 

b.  Provide  for  at  least 

Color  or  Color 

LCG  equipment  drawers 

4 colors 

Indication 

c.  Provide  for  range  of 

Programmable 

alphanumeric  velues 

Symbole  and 

d.  Provide  for  printout 

Fast  Response/ 
Displey 

3.2  Operator  to  Equipment 

4.2  Operator  Interface 

e.  Phyaicel  manipulation  of 

a.  Provide  for  movable 

Dynamic  Graphics 

3.1 

switching  post  cions 

b.  Analysis  of  3.1  (d) 

b.  Provide  for  spproprt- 

Color  or  Color 

c.  Insertion  of  3.1  (f) 

ete  color  and  lllu- 

Indlceclon 

Into  3.1  <e) 

ml nation 

c.  Provide  for  operator 

Touch  or  Stylus 

input 

Input 

3.3  Equipment  to  Equipment 

4.3  EquipmenC-co-Equlpment 

Simulation 

a.  Power  supplies  to  BITE 

b.  Cartridge  to  appropriate 

a.  Provide  (or  reel  time 

Fast  Response 

BITE  teetlng  programs 

respoosea 

Time 

b.  Provide  for  proper 

Fase  in  Author- 

sequencing 

ing  and  Editing 

c.  Ensure  compacibillcy 

through  Terminal 

with  documentation 

02^ 

1.1  Perform  all  nornsl 
operating  procedures 

2.1  Perform  the  following 
procedures  on  BlTEt 

3.1  Equipment  to  Operetor 

4.1  Equipment  Simulation 

Same  as  01  level 

without  aupervialon 

a.  Same  os  01  level 

a.  Same  aa  01  level 

Tlctorlal  or 

and  casualty  opera- 

a. Test  selected  launch 

b.  Designation  of  selected 

b.  Slmuletlon  of  selec- 

tional procedures 

aafing  assembly 

drawers  itemired  from 

ted  from  instruction 

Graphics  Display 

with  supervision 

drawers 

b.  Teat  selected  sub- 

Instruction description 

description 

with  color  or 
color  indication 

system  logic  and  con- 
trol assembly  drawers 

c.  Test  selected  sub- 
system logic  control 

3.2  Operator  to  Equipment 

4.2  Operator  Interface 

Same  aa  01  level 

and  alarm  aeaembly 

a.  Same  as  01  level 

e.  Seme  as  01  level 

Dual  Display  or 

drawers 

b.  Provide  for  documentation 

b.  Provide  documentation 

d.  Test  selected  detona- 

interface with  testing  of 

c.  Because  of  (b)  pro- 

Split Screen  or 

tor  power  8ssaiid>ly 
drawers  in  accordance 
with  established  docu- 
mentation by  operation 
of  control  panel. 

selected  equipment  drawers 

vide  displey  for 
documentation  and 
printout 

Window  of  Docu- 
mentation Text 
with  Panel  Diapla) 

selection  of  proper 
cartridges  and  inser- 
tion, and  monitoring 
of  printer  readout  in 

3.3  Equipment  to  Equipment 

4.3  Equlpment-to-Equlpraent 

a.  Cartridge  to  proper  BITE 
programs 

Simulation 

a.  Same  as  01  level 

Same  aa  01  level 

the  normal  casualty 

b.  Selected  equipment  drawer 

, — 

modes  of  operetlon 

to  BITE 

Pl‘^ 

l.l  Perforsi  nornsl  pre- 
ventative Bslntenance 

2,1  Perform  preventative 
maintenance  procedures 

3.1  Equipment  to  Operator 

4.1  Equipment  Simulation 

procedures  with  super- 

as presented  in  the 

a.  Same  as  01  level 

a.  Same  aa  01  level 

b.  Visual  display  of 
3 e 3 1 r 

Some  as  01  level 

vision  on  BITE  in 
accordance  with 

SMP/SOP,  Including  opera- 
tional testing  procedures 

b.  Breakdown  of  equipment  to 
component  location  and 

docuisencatlon 

as  required  by  applicable 
documentation.  This 

physical  dlmenaiona 

c,  Viaual  display 

Graphic  or 
Pictorial 

section  of  Inetruction  la 
of  the  prescribed  docu- 

demonat ration 
of  PH  actlvltiea 

Display 

nentetlon  on  preventative 
metntenance  and  opere- 

3.2  Operator  to  Equipment 

4.2  Operator  Interface 

tlonal  testing  procedures 
for  representative  main- 

a. Same  aa  02  level 

a.  Seme  aa  02  level 

Same  aa  01  level 

tenance  problems  on  BITE 
by  aelf-teatlng.  Asso- 

3.3 Equipment  to  Equipment 

4,3  Equinment-co-Equloment 

e.  Cartridge  to  proper  BITE 

Slmuletlon 

ciated  equipment  compo- 

nents such  as  printer, 
tape  reader  end  inter- 

programs 

b.  Printer  to  BITE 

e.  Same  aa  01  level 

Same  aa  01  level 

face  circuitry  would  be 

c.  Tape  reader  to  BITE 

included 

d.  Interface  circuitry  to 

BITE 

e.  Items  (a)  through  (d)  to 

documentetlon 

^Number  of 
^Number  of 


Laboratory  Hours  Replaced: 
Laboratory  Hours  Replaced : 


1 

2 
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Table  2-8  (Continued) 


TRAINING 

ACTION  ITEMS 

INSTRUCTION 

SIMULATION 

POSSIBLE  CBI 

TERMINAL 

LEVEL 

(TOS‘sJ 

DESCRIPTION 

REQUIREMENTS 

STRATEGY (S) 

ITEMS 

Cl  b 

1.1  Perform  beeic  fault 

2.1  Recognita  and  Interpret 

3.1 

Equipment  to  Operator 

4.1  Equipment  Simulation 

iaolatlon  and  minor 

Indications  of  malfunc- 

repair  with  super- 

tlons  and  perform  basic 

a.  Sane  as  PI  level 

a.  Same  as  PI  level 

Sane 

as 

PI 

leval 

vision  on  BITE  com- 

fault  Isolation  proce- 

b.  Breakdown  to  illustrate 

b.  Demonstration  of 

ponents  with  BITE  or 

dures  contained  In  pre- 

movable  parts 

corrective  mainten- 

special test  equipment 

scribed  maintenance 

c.  Special  teat  equipment 

ance  activities 

if  needed. 

documentation.  This 

if  needed 

instruction  Is  focused 
at  relay t module,  and 

3.2 

Operator  to  Equipment 

4.2  Operator  Interface 

limited  nuad>er  of  movable 
parts  possible  contained 

a.  Same  as  01  level 

a.  Same  as  02  level 

Swe 

as 

01 

level 

in  the  printer,  tape 

b.  Documentation  Interface 

reader,  and  control 

with  basic  fault  isolation 

panel 

of  BITE  components  on  BITE 
or  special  teat  equipment 
if  needed. 

3.3 

Equipment  to  Equipm»it 

4.3  EquiP»ent-to-Equlp»ent 

Simulation 

a.  Same  as  PI  level 

b.  BITE  components  to  BITE 

a.  Same  aa  01  level 

Same 

sa 

01 

level 

self  test  and  special  test 
equipment  if  needed 

2.2  Perform  alignment,  ad- 

3.4 

Equipment  to  Operator 

4.4  Equipment  Simulation 

justment  or  calibration 
procedures  and  opera- 

a.  Same  as  3.1 

a.  Same  as  4.1 

Same 

aa 

PI 

lavel 

tlonal  tests  for  basic 
corrective  maintenance 

3.3 

Operator  to  Equlpiient 

4.5  Operator  Interface  - 

• 

in  accordance  with 
documentation.  Tha 

a.  Same  as  3.2 

a.  Same  as  4.2 

Same 

as 

01 

level 

instruction  stresses 

b.  Test  interface 

operational  testing. 

3.6 

Equipment  to  Equipment 

4.6  Equipment- to-Equlpment 

Simulation 

a.  Same  as  3.3 

a.  Same  as  4.3 

Same 

as 

01 

level 

2.3  Perform  post  repair 

3.7 

Equipment  to  Operator 

4.7  Equipment  Simulation 

procedures  in  accordance 
with  documentation 

a.  Same  as  3.1 

a.  Same  as  4.1 

Same 

aa 

PI 

level 

3.8 

Operator  to  Equipment 

4.6  Operator  Interface 

a.  Same  as  3.2 

a.  Same  as  4.2 

Same 

as 

01 

level 

3.9 

Equipment  to  Equipment 

4.9  Equlpment-to-Equlpmrnt 

Simulation 

a.  Same  as  3.3 

a.  Same  as  4.3 

Same 

aa 

01 

level 

2.4  Use  teat  equipment 

3.10  Equipment  to  Operator 

4.10  Equipment  Simulation 

required  for  basic  cor- 
rective maintenance  in 

a.  Same  as  3.1  with  inser- 

a. Same  as  4.1 

Same 

aa 

PI 

level 

accordance  with  docu- 

tion of  specific  repair 

mentation  for  specific 
repair  situation 

problems 

3.11  Operator  to  Equipment 

4.11  Opcrstor  Interfsce 

a.  Same  aa  3.2  with  inser- 

a. Same  as  4.2 

Same 

aa 

01 

level 

tion  of  specific  repair 
problems 

3.12  Equipment  to  Equipment 

4.12  Equlpment-to-Equipment 

Simulation 

a.  Same  as  3.3  with  Inser- 

tion of  specific 
problems 

a.  Same  aa  4.3 

Same 

as 

01 

level 

dumber  of  Laboratory  Hours  Replaced;  2 
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2.5 


Fire  Control  System  Unit  Laboratory 


The  TRIDENT  Fire  Control  System  MK  98  MOD  0 (FCS)  provides  two 
main  services:  (a)  the  preparation  of  missiles  for  sequential  launching 

with  self-guidance  after  launch,  and  (b)  the  coordination  of  operations 
in  the  SWS  during  the  launch  sequence.  Missile  preparation  consists  of 
supplying  prelaunch  power,  guidance  system  data,  fuze  data,  and  monitor- 
ing the  status  of  the  guidance  system  in  each  missile.  FCS  SWS  coordina- 
tion consists  of  monitoring  systems  involved  in  sequential  functions  at 
appropriate  times.  In  the  coordination,  FCS  receives  data  on  navigation 
status  and  time  of  day,  launcher  status,  missile  status,  guidance  system 
status,  fire  control  status,  and  ship’s  power. 

To  accomplish  these  tasks,  the  FCS  is  subdivided  into  six  func- 
tional groups  and  one  utility  group.  The  six  functional  groups  are: 

(a)  Digital  Computations  Subsystem  Group,  (b)  Computer  Peripheral  Sub- 
system Group,  (c)  Computer  Interface  Subsystem  Group,  (d)  Control,  Dis- 
play, and  Switching  Subsystem  Group,  (e)  Optical  Alignment  Subsystem 
Group,  and  (f)  Temperature  Monitor  Power  Supply  and  Spare  Guidance 
Temperature  Monitor  (IMPS  and  SGTM)  Subsystem  Group.  A seventh  group, 
the  Utility  Group,  is  comprised  of  the  Power  Subsystem  (PV7RSS) . These 
major  groups  are  further  subdivided  in  Table  2-9. 

To  provide  an  overall  picture  of  the  FCS  operating  environment, 
three  concepts  are  helpful:  conditions  of  readiness,  software  programs, 

and  operating  modes.  Conditions  of  readiness  are  states  of  weapon 
system  preparedness  from  which  the  FCS  can  be  made  to  start  the  launch 
of  all  24  missiles  within  specified  time  limits.  The  conditions  are 
designated  4SQ,  3SQ,  2SQ,  and  ISQ.  All  software  programs  operate  under 
two  levels  of  control  programs:  a monitor  program  and  one  of  several 

executive  programs.  All  application  task  programs  fall  into  one  of 
three  categories  according  to  use:  tactical,  training,  or  maintenance 

(TEST) . The  FCS  is  capable  of  performing  tasks  in  12  primary  operating 
modes  and  three  secondary  modes.  This  capability  is  to  satisfy  the 
requirements  of  maintenance,  training,  and  data  processing.  The  twelve 
primary  modes  are  tactical,  dummy,  training  with  Guidance/with  Launcher 
(TWIGL),  training  with  Guidance  (TWIG),  training  without  Guidance/with 
Launcher  (TWOGL) , training  without  Guidance  (TWOG),  missile  test,  fire 
control  test,  fuze  test,  data  entry,  standby,  and  off. 

Although  the  most  important  operating  mode  is  the  tactical  mode, 
the  FCS,  to  meet  system  readiness  and  reliability  standards,  must  be 
capable  of  detecting,  isolating,  and  resolving  fire  control  equipment 
faults.  Under  casualty  conditions,  it  must  be  capable  of  reconfiguration 
to  bypass  the  casualty  and  continue  tactical  operations. 
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Table  2-9 


Groups  Within  FCSU  Laboratory 


Group 


Components 


Functional; 

1.  Digital  Computations 
Subsystem  Group 


2.  Computer  Peripheral 
Subsystem  Group 


3.  Computer  Interface 

Subsystem  Group 

4.  Control,  Display,  and 

Switching  Subsystem  Group 


5.  Optical  Alignment 
Subsystem  Group 


6.  Temperature  Monitor  Power 
Supply  and  Spare  Guidance 
Temperature  Monitor 
Subsystem  Group 

Utility 

1.  Power  Subsystem  Group 


Basic  Processor  Subsystem  (BPSS) 

Data  Communication  Processor  Sub- 
system (DCPSS) 

Computer  Maintenance  Subsystem  (CMSS) 
Computer  Operator  Interface  Sub- 
system (COISS) 

Digital  Control  Computer  (DCC) 

Magnetic  Disk  File  Subsystem  (MDFSS) 
Printer  Subsystem  (PRTSS) 

Keyboard  and  Display  Subsystem  (KBDSS) 
Magnetic  Tape  File  Subsystem  (MTFSS) 

Data  Conversion  Subsystem  (DCSS) 

Time  of  Day  Subsystem  (TODSS) 

Digital  Read-in  Subsystem  (DRISS) 

Control  and  Display  Subsystem  (CDSS) 

Master  Clock  and  Timing  Subsystem  (MCTSS) 
Switching  Subsystem  (SWSS) 

Test  Control  and  Display  Subsystem  (TCDSS) 

Line  of  Sight  Subsystem  (LOSSS) 

Optical  Alignment  Erection  Subsystem 
(OAESS) 

Temperature  Monitor  Power  Units 

Spare  Guidance  Temperature  Monitor  Units 


Power  Distribution  Equipment 

Power  Conversion  Unit 

Digital  and  Analog  Power  Supplies 
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2.5.1  Equ ipmen t Sel ec t Ion 


The  six  functional  groups  in  the  overloaded  FCSU  laboratory 
are  knowledge-oriented  content  areas  which  could  support  in-depth  CBI 
courseware  development.  However,  interfaces  with  equipment  outside 
the  respective  functional  areas  require  some  interaction  between  groups. 

The  Digital  Computations  Subsystem  Group,  for  instance,  will  require  the 
inclusion  of  KBDSS  to  support  PI  and  Cl  training  requirements  of  the 
DDC  Computer  Programs.  The  requirement  for  POSEIDON  equipment  similarity 
and  documentation  support  identified  three  groups  as  potential  CBI 
candidates:  (a)  the  Control,  Display,  and  Switching  Subsystem  Group, 

(b)  the  Digital  Computations  Subsystem  Group,  and,  to  a somewhat  lesser 
degree,  (c)  the  Computer  Peripheral  Subsystem  Group.  The  OAG  and  TMPS 
and  SGTM  were  not  seen  as  reasonable  candidates  for  analysis.  The  ranked 
results  of  the  equipment  selection  are  presented  in  Table  2-10. 

Under  the  criteria  for  continuity  of  training  context,  two  candi- 
dates were  judged  as  outstanding  in  their  ability  to  provide  both  instruc- 
tional flow  and  equipment  contiguity:  (a)  the  Control,  Display,  and 

Switching  Subsystem  Group  as  embodied  in  the  Fire  Control  Console  (FCC); 
and  (b)  the  Digital  Computations  Subsystem  Group  with  the  addition  of 
the  KBDSS.  In  both  of  these  groups,  equipment  contiguity  was  found 
essential  to  support  the  other  equipment  within  the  specific  group. 
Simulation  requirements  for  equipment  functional  displays  possessed  the 
ability  to  transfer  to  a second  or  third  piece  of  equipment.  Thus,  course- 
ware development  and  curriculum  continuity  were  mutually  supported  by 
selection  of  these  two  groups. 

Both  of  these  groups  can  be  treated  either  in  part-task,  equip- 
ment unit,  or  functional  group  instructional  strategies.  If  desired,  at 
a later  date,  CBI  courseware  could  be  used  to  provide  a unifying  thread 
to  tie  equipment  together  in  more  system  oriented  training.  In  view  of 
these  considerations,  the  Digital  Computations  Subsystem  Group  (composed 
of  the  DDC,  DDC  Computer  Programs,  BPSS,  DCPSS,  COISS,  CMSS,  and  KBDSS) 
and  the  Control,  Display,  and  Switching  Subsystem  Group  (composed  of 
CDSS,  TCDSS,  PRTSS,  and  TODSS)  were  selected  for  further  CBI  analysis. 

2.5.2  FCC  Description 

The  Control,  Display,  and  Switching  Subsystem  Group  located  on 
the  FCC  performs  four  functions:  (a)  operator  control  of  FCS  operations, 

(b)  display  of  FCS  and  weapon  systems  status,  (c)  clock  and  timing 
signals  generation,  and  (d)  selection  and  control  of  FCS  maintenance, 
guidance  system,  and  missile  testing.  It  also  interfaces  directly  with 
the  launcher,  navigation,  MTRE,  TMPS,  and  SGTM  by  transmitting  sequence 
control  signals  and  receiving  reports  of  launch  tube,  missile,  guidance 
system,  and  navigation  status.  Alarm  conditions  within  the  FCS  are  also 
monitored  and  displayed. 
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FCSU  Laboratory  CBI  Candidates  by  Ranking 
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b 


Rating  Scale: 

1 “ No  impact  on  requirement. 

2 * Very  little  support  of  requirement. 

3 ® Some  support  of  requirement. 

4 * Able  to  fully  support  the  requirement. 


The  FCS  is  capable  of  operating  in  the  12  primary  modes,  listed 
in  paragraph  2.5,  and  three  secondary  modes.  Mode  selections  are  made  by 
manually  depressing  one  of  12  PRIME  MODE  pushbuttons  and  one  of  three 
SCNDR  MODE  pushbuttons  on  the  FCC.  Tactical  use  of  the  FCC  occurs  during 
operational  sequences.  An  operational  sequence  is  divided  into  three 
separate  sequenced  phases:  (a)  Missilized  operations,  Cb)  Denote  opera- 

tions, and  (c)  Prepare  operations.  All  would  be  performed  by  FCC  component 
input.  Missilized  operations  are  performed  first,  are  time-consuming,  and 
are  performed  on  all  missiles  simultaneously.  As  each  missile  completes 
first  phase  operations,  it  is  designated  at  the  ISQ  condition  of  readiness. 

At  the  completion  of  missilized  operations,  the  FCC  initiates 
denote  operations  on  two  of  the  ISQ  missiles.  The  denote  operations  are 
performed  by  launcher  equipment  to  prepare  the  launch  tubes  for  missile 
firing.  After  denote  operations  are  completed,  the  missile  enters  into 
prepare  operations  which  include  missile  readiness  checks,  missile  battery 
activation,  missile  number  check,  guidance  and  fuze  data  transmission, 
read-in  and  echo  check  of  guidance,  and  fuze  data  generation  of  the  missile 
firing  signal.  The  prepare  phase  is  completed  with  the  launch  of  the 
missiles. 


As  can  be  seen,  FCC  initiation,  monitoring,  and  generation  of 
sequenced  coiranands  compose  a fairly  exacting  set  of  steps  for  specific 
actions  on  the  part  of  FCC  operators  with  other  coordinated  FCS  and  LCG 
actions.  These  sequenced  operations  allow  for  an  excellent  CBI  applica- 
tion effort. 

There  are  four  control,  display,  and  switching  subsystems  within 
the  FCC:  (a)  the  Control  and  Display  Subsystem  (CDSS) , (b)  Master  Clock 

and  Timing  Subsystem  (MCTSS) , (c)  Switching  Subsystem  (SWSS),  and  (d) 

Test  Control  and  Display  Subsystem  (TCDSS) . 

a.  Control  and  Display  Subsystem 

The  CDSS  provides  to  an  operator  an  equipment  interface  that 
allows  observation  of  equipment  status  events.  It  facilitates  control, 
initiation,  delay,  stop  or  other  actions  with  the  FCS  visual  display 
provided  on  the  Supervisor’s  Control  Panel.  This  panel  is  partitioned 
into  two  sections:  the  status  panel  and  the  firing  panel.  Appropriate 

alarm  processing  is  provided  by  the  Hardware  Alarm  Detection  Logic  (HADL) , 
which  drives  data  for  printing  on  the  PTRSS.  The  Captain's  Indicator 
Panel  (CIP)  will  be  located  in  the  TRITRAFAC  FCS  laboratory  and  on-board 
personnel  would  inform  the  Captain  of  the  operating  mode  of  the  FCS,  status 
of  all  missiles,  and  SWS  readiness  states.  A firing  key  assembly  and 
missile  emergency  alarm  are  also  provided. 
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Switches  and  actuator/indicators  on  the  status  panel  are  used 
to  select  the  FCS  mode  of  operation,  to  control  configuration  of  DCC 
equipment,  to  monitor  the  operational  status  of  SWS  equipment,  and  to 
control  and  monitor  the  progress  of  missilized  operations.  On  the  firing 
panel,  switches  and  actuator/indicators  provide  input/output  for  selection 
of  firing  mode,  initiation  and  monitoring  of  denote  and  prepare  sequences, 
and  indication  of  when  a missile  is  ready  to  fire.  The  Supervisor's 
Control  Panel  is  a hinged  masking  panel  with  actuator/indicator  modules 
mounted  beneath  the  panel  and  protruding  out  through  pierced  holes  in 
the  panel.  The  firing  key  assembly  consists  of  a shallow  box-like 
structure  containing  a tactical  firing  key  and  a training  firing  key. 

The  tactical  firing  key  compartment  is  secured  by  a combination  lock. 
Descriptive  data  on  the  missile  emergency  alarm  was  not  available  at  the 
time  of  the  study. 

b.  Master  Clock  and  Timing  Subsystem 

The  MCTSS  provides  a continuous  time  reference  to  FCS 
digital  assemblies.  The  MCTSS  consists  of  one  master  clock  assembly  and 
two  timing  assemblies.  Both  timing  assemblies  are  in  operation  continu- 
ously. The  time  of  day  control  and  display  panel  is  located  in  the  upper 
left-center  portion  of  the  FCC.  The  panel  Includes  two  raultiposition 
rotary  switches,  a keylock  switch,  two  pushbutton  switches,  and  a bank 
of  thiunbwheel  switches.  Tlme-of-day  data  is  displayed  on  a group  of 
decimal  indicators. 

c.  Switching  Subsystem 

The  SWSS  consists  of  control  logic  and  snapsllde  switches 
that  perform  necessary  switching  operations  to  complete  or  modify  the 
intersystera  interfaces.  This  subsystem  also  performs  required  switching 
for  the  desired  configuration  of  signal  path  arrangements  within  the  FCS. 
Three  major  types  of  switching  are  performed:  Operational,  mode,  and 

configuration  switching. 

d.  Test  Control  and  Display  Subsystem 

The  TCDSS  provides  control  and  display  facilities  for  testing 
the  FCS,  the  guidance  system,  the  missile  command  sequencer,  and  for  mis- 
sile testing  in  conjunction  with  the  MTRE.  The  primary  operator/machine 
Interface  for  the  TCDSS  is  the  Integrated  Test  Operating  Panel  (ITOP) . 

The  ITOP  provides  a variety  of  functions:  selection  of  equipment  to  be 

tested  and  the  particular  test  to  be  performed;  control  of  the  initia- 
tion and  termination  of  tests;  support  of  fire  control  tests,  missile 
tests,  and  fuze  set  test  modes  on  a one-at-a-time  basis;  simultaneous 
testing  of  multiple  equipments,  such  as  guidance  systems  and  DRISS;  and, 
operator  monitoring  of  individual  equipment  test  performance.  Sequencing 
and  analysis  of  equipment  tests  are  provided  by  test  programs  operating 
in  the  DCC.  Test  results  are  indicated  on  either  the  ITOP  or  printed  out 
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on  the  PTRSS.  The  ITOP  is  located  on  the  extreme  left-side  center 
panel  of  the  control  console.  Actuator/indicators  devices  (modules) 
are  mounted  under  the  ITOP  panel  plate.  The  panel  is  hinged  at  the  top 
edge  for  maintenance  accessibility. 

The  system  printer  (PRTSS)  is  located  to  the  right  of  the  ITOP. 
The  PRTSS  is  a rack-side  mounted  device  that  can  be  pulled  forward  and 
out  of  the  mounting  panel  for  servicing  and  paper  replenishment.  The 
PRTSS  will  consist  of  a control  panel,  a circuit  breaker,  an  illumination 
control,  a paper  take-up,  printhead,  and  a power  supply. 

e.  Power  Control  Panel 


The  power  control  panel  is  housed  in  an  auxiliary  wing 
structure  to  the  left  of  the  control  console.  It  consists  of  switches 
and  circuit  breakers  associated  with  the  FCC. 

f . Additional  Equipment  Assemblies 

The  power  supply  assembly,  electronics  assembly,  log  desk 
assembly,  and  interpost  function  assembly  comprise  the  remaining  components 
of  the  FCC.  The  log  desk  assembly  protrudes  forward  from  the  ITOP  and 
operating  panel  and  contains  telephone  jacks  and  intercommunication 
switches.  Both  the  power  supply  assembly  and  electronics  assembly  consist 
of  housing,  type  2 modules,  and  a slide  mechanism.  The  type  2 module 
are  vertically  mounted  on  the  slide  mechanism. 

2.5.3  Digital  Computations  Subsystem  Group  Description 

The  components  considered  for  CBI  within  the  Digital  Computation 
Subsystem  Group  were  the  DCC  Computer  Programs,  BPSS,  DCPSS,  COISS,  CMSS, 
and  KBDSS.  This  breakdown  differs  from  Table  2-9  because  of  the  desire 
to  have  interrelated  instructional  treatment  of  the  topic  content  areas 
within  the  group.  The  KBDSS  is  in  the  Computer  Peripherals  Subsystem 
Group . 


a.  Basic  Processor  Subsystem  and  Data  Communications  Processor 
Subsystem 

The  Digital  Computations  Subsystem  Group  performs  computa- 
tional and  control  functions  required  by  the  FCS.  The  Digital  Control 
Computer  (DCC),  composed  of  the  BPSS  and  DCPSS,  receives  input  data 
directly  from  other  subsystems  and  indirectly  from  the  guidance,  launcher, 
and  navigation  systems.  These  data  are  used  by  the  DCC  computer  programs 
to  calculate  guidance  system  data,  missile  flight  data,  command  sequence 
data,  and  launch  sequence  control  signals.  Guidance  system  operational 
checks  and  verification  checks  are  performed  by  the  DCC.  In  all  modes. 
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the  DCC  establishes  the  primary  operator  interface  by  means  of  control 
and  status  Information  displayed  at  the  ITOP.  Printout  and  keyboard  data, 
assembled  under  DCC  computer  program  control,  are  sent  to  relevant  equip- 
ment in  the  Computer  Peripheral  Subsystem  Group. 

The  BPSS  is  a microprogrammed,  sequential  processor  with  instruc- 
tional look-ahead  capability,  consisting  of  a central  processor  unit  (CPU) 
and  main  memory.  Three  interface  networks  connect  the  BPSS  to  the  DCPSS, 
COISS,  and  CMSS.  The  DCPSS  controls  the  transfer  of  data  to  and  from 
its  associated  BPSS.  Data  transfer  between  the  BPSS  and  other  PCS  equip- 
ment is  directly  controlled  by  the  DCPSS.  The  DCPSS  consists  of  a multi- 
plexer controller  unit  (MXC)  and  a computer  interface  unit  (CIU). 

b.  Computer  Operator  Interface  Subsystem 

The  primary  display  and  control  interface  between  the  DCC  and 
the  operator  is  achieved  by  the  COISS.  The  COISS  consists  of  an  operator's 
panel  and  its  supporting  control  logic,  interface  with  the  DCPSS  through 
control  and  maintenance  busses,  and  data  paths  to  the  DCSS  and  MDFSS. 

c.  Computer  Maintenance  Subsystem 

CMSS  provides  support  functions  during  DCC  maintenance  opera- 
tions. Maintenance  functions  are  performed  by  CMSS  through  manual  input 
of  the  operator  who  observes  DCC  test  program  status.  The  CMSS  operator 
panel  contains  a keyboard  which  allows  selection  and  input  of  command  words 
into  the  DCC  and  two  computer  maintenance  logic  sections  to  implement 
buffering,  control,  and  formatting  functions  for  data  transmission  to 
CPU,  DCPSS,  and  MTFSS.  Components  consists  of  push-button  keys,  plasma 
display,  illuminating  actuator/indicators,  and  multicolored  bulbs. 

d.  Keyboard  and  Display  Subsystem 

The  KBDSS  is  included  in  this  group  because,  by  use  of  the 
KBDSS,  the  FCS  operator  inputs  commands  into  a selected  DCC  and  monitors 
computer  status.  The  KBDSS  keyboard  is  a time-shared,  electromechanical 
device,  containing  push-button  keys  and  indicators.  Keys  are  used  to 
enter  inputs  to  the  DCC.  A display  panel  allows  the  DCC  to  communicate 
with  the  operator  by  these  inputs  and  resulting  output  messages. 

The  KBDSS  operator  panel  consists  of  a display  panel  and  key- 
board. The  display  panel  is  222  dot-columns  wide  and  77  dot-rows  high 
with  a viewing  area  of  9.18  inches  by  3.38  inches.  The  actual  size  of  the 
glass  panel  is  11.8  inches  wide,  5.2  inches  high,  and  1.3  inches  deep. 
Displayed  characters  are  neon  red-orange  in  color.  The  panel  is  capable 
of  displaying  8 lines  of  32  characters  per  line  with  a total  of  64  dif- 
ferent characters.  The  DCC  can  display  any  of  the  64  characters,  but 
the  operator  is  limited  in  his  input.  Characters  from  the  DCC  are  less 
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bright  than  the  operator  input  characters.  The  display  panel  also  con- 
tains a movable  cursor.  Line  selection  function  switches  are  located  to 
the  left  of  the  display  panel.  The  keyboard  is  located  below  the  dis- 
play panel.  It  consists  of  function  switches  and  data  entry  switches. 

2.5.4  CBI  Selection  Analysis  for  FCSU 


It  was  determined  that  the  FCC  and  the  Digital  Computations  Sub- 
system Group  offer  the  most  cost-effective  topic  areas  within  the  FCSU. 
The  CBI  hours  were  evenly  divided  between  these  two  topic  areas.  The 
CBI  strategies  were  developed  within  the  01  and  02  training  levels  with 
additional  hours  at  the  PI  and  Cl  levels.  A fairly  balanced  mix  of  CBI 
hours  by  training  level  was  achieved. 

Only  those  equipments  and  instructional  events  within  the  train- 
ing levels  which  were  Judged  appropriate  for  CBI  were  Included  in  the 
analysis.  The  description  of  Instruction,  resulting  from  the  analysis, 
was  drawn  from  prior  FBM  training,  such  as  POSEIDON,  and  Includes  only 
those  areas  so  supported.  Training  time  estimates  were  derived  from  the 
Training  Requirement  Forms  (TRF's)  and  were  checked  with  contractors  and 
instructors  at  current  FBM  schools.  They  are  reasonable  time  allocations 
for  CBI  treatment  within  the  proposed  topic  areas.  As  with  the  LCG 
discussed  in  paragraph  2.4,  the  CBI  hours  for  the  FCSU  would  supplement 
laboratory  training  but  not  replace  tactical  equipment  experience.  The 
simulation  requirements  determined  for  the  FCC  and  the  Digital  Computa- 
tions Subsystem  Group  address  the  various  equipment  characteristics, 
operator  interactions,  and  subsystem  interfaces.  After  these  attributes 
were  identified,  CBI  strategies  were  derived,  and  CBI  terminal  char- 
acteristics were  determined. 

2.5.5  Results  of  CBI  Analysis 


From  the  analysis,  it  was  established  that  CBI  could  support  all 
of  the  components  covered  in  the  instructional  descriptions  for  the  FCC 
and  the  Digital  Computations  Subsystem  Group.  Table  2-11  summarizes  the 
CBI  hours  by  training  level  and  equipment.  As  shown,  the  CBI  hours 
dedicated  to  the  01  and  02  training  levels  were  approximately  two-thirds 
of  the  total  hours.  Training  at  the  PI  and  Cl  levels  accounted  for  10 
hours.  The  largest  number  of  CBI  hours  were  identified  in  the  CDSS  and 
DCC  Computer  Prograims  topic  areas. 

The  CBI  simulation  requirements,  as  shown  in  the  Appendix,  did 
not  differ  in  display  and  response  concepts  from  those  discussed  for  the 
LCC  in  the  01  and  02  training  levels.  The  amount  of  equipment  simulation 
would  be  extensive  but  the  operator  stimuli  would  still  be  displays  of 
indicators  on  the  various  panels  contained  on  the  actual  tactical  equip- 
ment. Audio  message  simulations  are  also  required  by  the  FCC.  Deferred 
operator  actions  will  also  play  a major  role  for  the  FCC  operator  at  the 
02  level.  Finally,  documentation  would  be  closely  tied  to  the  CBI  course 
materials  to  generate  realistic  operational  scenarios. 
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Table  2-11 


Summary  of 

FCSU 

CBI  Hours 

FCSU  LABORATORY  EQUIPMENT 

01 

TRAINING 

02 

LEVELS 

PI 

Cl 

CDSS 

3 

4 

1 

1 

TCDSS 

1 

1 

1 

PTRSS 

1 

1 

TODSS 

1 

DCC 

1 

DCC  Computer  Program 

2 

4 

1 

BPSS 

1 

2 

DCPSS 

1 

1 

KBDSS 

1 

COISS 

1 

CMSS 

1 

TOTAL  HOURS 

12 

9 

4 

6 

Note:  See  the  appendix 

for  details. 
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At  the  PI  and  Cl  training  levels  it  was  essential  to  combine 
the  maintenance  documentation  with  the  CBI  simulations  of  equipment 
malfunctions  to  provide  troubleshooting  training  within  a large  number 
and  many  types  of  fault  Isolation  conditions.  As  seen  in  the  analysis 
tables,  this  CBI  strategy  is  possible  and  establishes  a training  alter- 
native to  the  use  of  actual  tactical  equipment.  It  also  provides  a 
wide  range  of  opportunities  for  drill-and-practice  exercises  in  fault 
recognition  and  Isolation. 

In  all  the  training  levels  for  FCSU  CBI  instruction,  the  need 
to  provide  for  realistic  interfaces  exists.  Whether  between  pieces  of 
tactical  equipment,  test  equipment  to  tactical  equipment,  subsystem  to 
subsystem,  or  from  all  of  these  to  the  technical  documentation,  the 
interface  with  the  trainee  is  of  paramount  consideration.  These  inter- 
faces should  be  given  thorough  examination  by  CBI  courseware  developers. 

Finally,  the  analysis  entailed  equipment  by  equipment  instruc- 
tional treatment.  When  the  final  CBI  designs  and  objectives  are  formulated, 
this  analysis,  especially  for  the  Digital  Computations  Subsystem  Group, 
will  also  support  a system  level  training  treatment  by  functions,  main- 
tenance procedures,  or  operational  modes.  Whichever  approach  might  be 
eventually  adopted — equipment,  subsystem,  or  system  level  training — CBI 
attributes  and  topics  identified  here  will  still  be  pertinent. 

2.5.6  Recommendations  for  Additional  CBI  Treatment 


There  are  additional  CBI  amenable  topic  areas  remaining  within 
the  replacement  training  hours  in  the  FCSU  laboratory.  It  is  also  recom- 
mended that  advanced  or  team  training  be  considered  if  additional  CBI 
hours  are  required.  Both  appear  to  be  viable  topic  areas  for  CBI  at 
this  time.  However,  final  TRIDENT  documentation  should  be  available 
before  full  determination  of  these  hours. 

2.6  Missile  Control  Center  Laboratory 

The  Missile  Control  Center  (MCC)  provides  training  expertise  in 
three  areas:  (a)  FAST  CRUISE  fire  control  technician  training,  (b) 

launcher  systems  and  control  group  missile  technician  training,  and  (c) 
missile  system  testing  training.  Each  of  the  three  have  different  train- 
ing requirements,  but  all  three  are  focused  towards  the  same  common  goal: 
to  provide  system  concepts  and  experiences  to  the  trainee  which  the 
individual  unit  laboratories  lack.  It  is  within  the  MCC  laboratory, 
which  closely  resembles  the  real  TRIDENT  MCC,  that  the  trainee  must  be 
able  to  stand  watch  as  if  in  the  environment  existing  on  board. 

The  FAST  CRUISE  concept  of  replacement  training  is  a week-long 
laboratory  simulated  deployment  cruise  in  which  the  trainees  perform 
under  actual  operational  conditions  in  all  operator  (01,  02)  and  main- 
tenance (PI,  Cl,  and  C2)  levels.  The  simulated  cruise  includes  only 
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conditions  of  readiness  and  operational  modes  which  have  been  previously 
learned  by  the  trainees.  FAST  CRUISE  training  is  deemed  highly  valuable 
by  SSBN  training  activities.  Launcher  systems  and  control  group  in- 
struction is  given  concurrent  to  FAST  CRUISE  training  and  missile  system 
testing. 


The  missile  system  testing  portion  of  MCC  training  allows  mis- 
sile technicians  to  troubleshoot  interface  problems  encountered  during 
missile  testing.  While  the  training  on  actual  Missile  Test  and  Readiness 
Equipment  (MTRE) , both  MK6  and  7,  occurs  in  a separate  unit  laboratory, 
many  missile  testing  interface  problems  develop  from  incorrect  switch- 
ing, Improper  hook-up,  or  inappropriate  sequencing  procedures.  The  MCC 
laboratory  is  utilized  to  provide  training  under  these  conditions. 

During  missile  system  testing  training,  the  trainee  should  recognize 
indications  of  a faulted  interface,  analyze  the  incorrect  set-up  condi- 
tions, and  employ  fault  isolation  procedures  to  correct  the  situation 
using  authorized  documentation.  Actual  "hands  on"  correction,  however. 

Is  not  deemed  necessary  to  achieve  the  training  aims  of  the  missile 
system  testing  requirements  of  the  MCC. 

2.6.1  Equipment  Selection 

The  equipment  selection  process,  previously  used  for  the  LCG 
and  FCSU  laboratories,  was  slightly  modified  for  the  MCC  laboratory  for 
two  reasons.  First,  the  MCC  will  provide  a reduced  version  of  the  FAST 
CRUISE  employed  for  POSEIDON  and  further  reduction  seemed  inadvisable  to 
accomplish  TRIDENT  training  goals.  Second,  since  the  launcher  portion 
is  concurrent  training,  it  did  not  contribute  substantially  to  the  over- 
load. This  left  only  the  remaining  area,  missile  system  testing,  avail- 
able for  analysis. 

When  examined,  missile  system  testing  did  not  meet  the  criteria 
of  being  POSEIDON  similar  or  supported  by  POSEIDON  documentation  because 
it  represents  a new  training  concept  specifically  developed  for  TRIDENT 
training.  However,  it  did  adhere  quite  well  to  several  other  criteria 
for  CBI  selection,  as  seen  in  Table  2-12.  The  concepts  of  fault  recog- 
nition, analysis,  and  isolation  were  compatible  with  providing  the 
opportunity  to  give  the  trainee  an  instructional  flow  which  contained 
context  coherence  and  completeness.  Since  "hands  on"  correction  is  not 
required,  the  missile  system  testing  curriculum  offered  excellent  CBI 
treatment  possibilities.  In  addition,  the  large  number  of  training 
hours  provided  a conducive  situation  in  which  CBI  extracted  hours  could 
act  as  supplemental  or  remedial  treatment  to  ensure  attainment  of  all 
the  stated  training  goals  and  ease  the  scheduling  considerations  for  the 
remaining  laboratory  instruction. 
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2.6.2  Missile  System  Testing  Description 


The  training  covered  in  missile  system  testing  is  primarily 
concerned  with  the  troubleshooting  of  interface  problems  and  improper 
switching  between  pieces  of  equipment  during  the  testing  of  the  TRIDENT 
missiles.  Two  points  stand  out  because  of  the  interfacing  of  equipment 
and  the  training  goals  of  recognition,  analysis,  and  isolation:  (a) 

a large  number  of  equipment  will  be  involved,  and  (b)  documentation 
will  be  an  essential  training  ingredient.  Another  consideration  is 
that  graphical  and  pictorial  representations  of  the  equipment  do  not 
require  large  amounts  of  dynamic  animation. 

The  major  emphasis  of  this  block  of  laboratory  training  will 
be  aimed  at  the  switching  and  alignment  of  missile  testing  associated 
FB>I  equipment,  both  FCS  and  Ship's  Systems,  and  the  network  interfacing 
of  these  equipments.  Because  of  continuing  equipment  design  changes, 
detailed  configuration  and  functional  documentation  was  not  available 
at  the  time  of  the  study.  However,  it  was  possible  to  identify  a basic 
treatment  of  the  equipment  and  the  interfaces  in  the  CBI  analysis. 

2.6.3  CBI  Selection  Analysis  for  MCC 

The  analysis  for  the  MCC  was  focused  upon  the  identification 
and  treatment  of  slightly  more  than  25  hours  of  laboratory  training 
time  needed  to  relieve  projected  overload  conditions.  Having  determined 
that  missile  system  testing  was  the  best  subject  for  analysis,  the  study 
then  established  that  this  training  resided  within  the  Pl-Cl  levels.  This 
training  had  not  been  delineated  into  segments  of  PI  or  Cl,  but  this  did 
not  hinder  the  analysis. 

The  major  thrust  of  missile  system  testing  instruction  is  to 
recognize  improper  equipment  set-up  which  would  adversely  influence  the 
performance  of  various  tests  performed  upon  TRIDENT  missiles.  The  trainee 
will  be  required  to  establish  a concept  of  the  total  FBM  system  so  that 
when  called  upon  to  initiate  tests  and  Interpret  test  results,  distinc- 
tion can  be  made  between  MTRE-caused  discrepancies,  missile  originating 
malfunctions,  and  other  interface  problems.  The  trainee  also  will  be 
able  to  initiate  corrective  action  to  successfully  complete  the  testing 
procedures. 
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2.6.4 


Results  of  CBI  Analysis 


Missile  system  testing  instruction  can  support  25.25  CBI  hours 
as  shown  in  Table  2-13.  In  addition,  the  CBI  treatment  can  provide 
greater  instructional  impact  than  the  originally  conceived  missile  system 
testing  training.  By  representing  several  system  components  simultaneously, 
CBI  instruction  can  facilitate  the  rapid  acquisition  of  a systems  orien- 
tation. This  might  be  done  by  split  screen  or  dual  displays,  for  example, 
to  provide  views  of  several  panels.  This  feature  of  CBI  adds  a powerful 
tool  in  that  the  trainee  could  require  less  instruction  time  and  less 
physical  moving  from  one  piece  of  equipment  to  another  as  he  trouble- 
shoots problems.  By  simultaneously  viewing  the  various  pieces  of  equip- 
ment on  the  CBI  terminal,  the  trainee  actually  travels  instantaneously 
throughout  the  SWS  equipment  set-up  without  having  to  leave  his  seat. 

While  being  beneficial  to  the  acquisition  of  training  level  skills,  this 
unique  feature  of  CBI  requires  a large  development  effort  to  ensure 
properly  sequenced  displays  and  an  interactive  tutorial  mode  of  instruc- 
tional strategy. 

2.6.5  Recommendations  for  Additional  CBI  Treatment 


Missile  system  testing  appears  to  be  the  only  major  CBI  topic 
area  in  replacement  training.  However,  CBI  treatment  for  missile  system 
testing  instruction  may  allow  an  alternative  in  the  area  of  team  train- 
ing. The  alternative  to  meet  unexpected  overloads  would  be  utilization 
of  the  already  developed  CBI  missile  system  testing  courseware  to  either 
bring  new  students  up  to  a uniform  level  of  intersubsystem  trouble- 
shooting skills  or  to  train  crewmembers  in  upgraded  Type  Commander  opera- 
tional tests.  In  this  way  additional  development  costs  would  be  minimal. 

2.7  CBI  Terminal  Characteristics 

In  paragraphs  2.4,  2.5,  and  2.6,  CBI  simulation  strategies  which 
reflected  stimulus  display  and  response  input  characteristics  of  a CBI 
terminal  were  described.  For  example,  if  CBI  is  to  be  used  to  simulate 
the  LCC  in  the  LCG  laboratory  at  the  01  training  level,  then  the  LCC 
panels  must  be  displayed  with  good  resolution  graphics  or  pictures  (see 
Table  2-6).  Furthermore,  since  these  panels  have  color  indicators,  the 
colors  or  an  indication  of  color  and  color  change  must  be  provided,  as 
well  as  the  symbol  display  seen  on  the  panel.  In  addition,  simulation 
of  the  LCC  requires  a keyboard  or  some  response  device  to  allow  operator 
actions  during  the  CBI  simulation. 

The  suggested  terminal  characteristics  for  CBI  simulation  in  the 
earlier  sections,  therefore,  provide  a base  from  which  to  draw  the  CBI 
system  media  requirements.  In  the  remainder  of  this  section,  these 
terminal  characteristics  will  be  reviewed;  related  to  stimulus  and  response 
simulation  needs  of  the  training  described  in  paragraphs  2.4,  2.5,  and 
2.6;  and  related  to  the  CBI  system  specification  and  candidate  evaluation 
in  section  3. 
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Table  2-13 

MCC  Hours  Selected  for  CBI  in  Missile  Systems  Testing 


training 

LEVEL 

ACTION  ITEMS 
(TOS'S) 

INSTRUCTION 

DESCRIPTION 

SIMULATION 

REQUIREMENTS 

POSSIBLE  CBI 
STRATEGY (S) 

TERMINAL 

ITEMS 

Pl-Cl 

25.25 

Hours 

1.1  Perform  Interface 

2.1  Recognize  Indicatlona  of 

3.1  Equipment  to  Operator 

4.1  Equipment  Simulation 

troubleshooting  on 
MCC/MC  equipments 
in  accordance  with 
authorized  docu- 
mentation 

equipment  incorrectly 
set-up  (wrong  switching) 
during  interfacing  of 
the  required  number  and 
composition  of  tactical 
equipment  required  during 
relevant  testing  modes 
in  accordance  with 
authorized  documentation. 
This  instruction  focuses 
at  missile  tests  and  all 
sasociated  support  equip- 
ments /subaystema  of  the 
missile,  guidance,  fire 
control,  launcher,  and 
ship  support  system. 

ITOP  would  serve  as  the 
coordination  point  for 
the  conducting  of  Inter- 
subtyatem  testing. 

a.  Actustor/indicatora 

b.  Illumination  of  (a) 

c.  Key  actuator  switches 

d.  Thumbwheel  switches 
c.  Multi-position  rotary 

switches 

f»  Printer  readouts 

g.  Graphic  and  pictoral 
representation  of  equip- 
ment and  procedures 

h.  Network  displays  of 
csbllng  with  pieces  of 
equipment  interconnected 

1.  Diaplaya  for  coordination 

a.  Simulate  the  follow- 
ing pieces  of  equip- 
ment : 

(1)  EC  console 

(2)  MTRE  Mk6  and  7 

(3)  TM?S 

(4)  ITOP 

(5)  MMSC  panel 

(6)  EC  switchboard 

(7)  Relevant  Power 
Diatribution 
Pane la  (PDPs) 

(8)  Ship's  Junction 
box  assembly 

(9)  Missile  Junction 
box  (MJB) 

(10)  Weapons  power 
distribution 
switches 

b.  Provide  for  at  least 

4 color  on  actuators/ 
indicators 

c.  Provide  for  a range 
of  alphanumeric 
values 

High  Resolution, 
Dynamic  Graphics, 
Pictorial  Repre- 
sentation, color 
or  color  Indica- 
tion capability 

Color  or  color 
indication  capa- 
bility 

Fast  response  and 
programmable  sym- 
bols 

3.2  Operator  to  Equipment 

4.2  Operator  Interface 

a.  Analysis  of  3.1  (a) 
through  (1) 

a.  Analyals  of  4.1 

3.3  Equipment  to  Equipment 

4.3  Equipment-to-Fqulpm«nt 

a.  IMPS  to  HIRE  Kk  7 and 
PCS 

b.  ITOP 

c.  PC  switchboard  to  PCS 

d.  PDP  to  MTRE  Mk  7,  IMPS, 
and  PCS 

e.  Ship* a Junction  box  to 
PCS 

f.  MJB  to  PCS 

g.  Navigation  to  PCS 

h.  MMSC 

Simulation 

a.  Provide  for  proper 
equipment  sequencing 

b.  Ensure  coordination 
of  equipment 

c.  Ensure  compatibility 
with  documentation 

Terminal  aids  to 
programming  and 
editing 

2.2  Analysis  of  incorrect 

3.4  Equipment  to  Operator 

4.4  Equipment  Simulation 

1 

interface  equipment  setup 
and  procedures  in  accor- 
dance with  authorized 
documentation  during 
relevant  testing  modes 

a.  Same  as  3.1  with  inser- 
tion of  specific 
interface  problems 

3.5  Operator  to  Equipment 

a.  Same  as  4.1  with 

insertion  of  spedCic 
interface  problems 

4,5  Operator  Interface 

Same  as  2.1 

a.  Satse  as  3.3  with 

insertion  of  apeciflc 
interface  problems 

a.  Same  aa  4.1  with 

insertion  of  specific 
interface  problems 

Same  as  2.1 

3.6  Equipment  to  Equipment 

4.6  Fquloment-to-Equlpmmt 

a.  Same  aa  3.3  with 

insertion  of  specific 
interfsce  problems 

Simulation 

a.  Same  as  4.3  with 

insertion  of  specific 
interface  problems 

Same  as  2.1 

2.3  Isolate  those  Interface 

3.7  Equipment  to  Operator 

4.7  Equipment  Simulation 

and  equipment  incorrect 
setup  problems  and  pro- 
cedures by  developing 
possible  troubleshooting 
strstegyCs)  to  rectify 
incorrect  situations  In 

a.  Same  as  3.4  coordinated 
to  appropriate  documen- 
tation 

. 3.8  Operator  to  Equipment 

a.  Same  as  4.4  coordi- 
nated to  appropriate 
document ot  ion 

4.8  Operator  Interface 

Same  us  2. 1 

accordance  with  authorize* 
documentation  during 
instructional  situations 

, 

a.  Ssme  as  3.5 
3.9  Equipment  to  Equipment 

a.  Same  as  4.S 
4.9  Equlpment-to-Equlpr’ent 

Same  as  2.1 

a.  Same  as  3.6  coordinated 
to  appropriate  documen- 
tation 

Simulation 

a.  Same  as  4.6  coordl' 
nated  to  appropriate 
documentation 

Same  as  2.1 
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2.7.1 


Types  of  Terminal  Characteristics 


Functionally,  CBI  terminal  characteristics  can  be  classified  as: 
(a)  student  terminal  functions,  (b)  courseware  development  terminal 
functions,  and  (c)  management  terminal  functions. 

The  student  terminal  provides  the  actual  man/machine  Interface 
for  the  learning  process.  The  interface  characteristics  of  the  student 
terminal  are  the  prime  concern  of  this  section.  The  trend  in  CBI  terminals 
is  to  provide  a multiplicity  of  media  forms  for  communication  from  and 
to  terminals,  especially  for  simulation  strategies. 

The  design  of  a course  which  is  to  be  presented  through  CBI  in- 
volves analysis  and  planning  to  maximize  the  use  of  the  media  provided 
for  simulation.  Typical  ratios  published  for  the  labor  which  must  be 
expended  in  CBI  authoring  range  from  100  to  500  hours  per  CBI  hour 
developed.  To  facilitate  CBI  authoring,  consideration  must  be  given  to 
the  availability  of  hardware  or  software  features  which  have  the  purpose 
of  ease  in  development  of  CBI  material.  These  features  usually  take  the 
form  of  options  to  the  student  terminal.  The  user  of  this  capability 
will  generally  have  more  expertise  in  instructional  teclinology  than  com- 
puter technology.  Therefore,  the  courseware  development  function  should 
also  be  as  Independent  of  computer  system  knowledge  as  is  possible. 

Although  the  student's  primary  training  interface  will  be  with 
computer  systems,  there  is  still  need  for  providing  for  human  monitoring 
and  counseling  within  the  learning  process.  One  technique  which  can  aid 
in  human  monitoring  is  through  use  of  a management  terminal.  Such  a 
terminal  receives  on-line  student  performance  parameters  from  a number 
of  active  student  terminals.  From  this  terminal,  a supervisor  can  make 
judgments  on  overall  progress  and  determine  need  for  immediate  student 
counseling  on  problems  monitored.  Such  judgments  will  be  made  by 
TRITRAFAC  laboratory  instructors. 

2.7.2  Terminal  Requirements  for  SWS  Laboratories 

Terminal  characteristics  for  SWS  laboratories  at  TRITRAFAC  were 
analyzed  by  display  and  response  simulation  requirements.  In  addition 
to  the  student  interface  needs,  courseware  development  and  instructor 
management  were  taken  into  account.  Throughout  the  tables  in  paragraphs 
2.4,  2.5,  and  2.6,  and  the  appendix,  which  relates  laboratory  training 
to  CBI  simulation  strategies  and  terminal  items,  the  following  displays 
and  response  capabilities  are  noted. 

2.7.2. 1 Display  Requirements 

Requirements  for  a display  which  provides  the  primary  media  for 
computer  output  to  the  student  have  been  established.  The  display  must 
provide  the  most  efficient  interactive  interface  between  the  student  and 
computer.  It  should  display  the  student's  input  for  his  verification 
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before  computer  entry,  representations  of  equipment  panels,  maintenance 
modules  and  other  components,  and  alpluinumerlc  text.  The  technical 
method  of  system  update  for  this  display  (matrix  or  rastor)  is  not 
critical  to  the  training  requirements. 

Although  not  considered  critical,  it  is  desirable  to  provide 
capability  for  an  overlay  of  photographic  material  on  computer-generated 
material  for  high  fidelity  representations.  This  capability  can  be 
provided  through  automatic  rear  projection  of  an  image  onto  a trans- 
parent electronically  controlled  display  screen.  A capability  for 
computer-generated  graphics,  as  well  as  alphanumerics,  is  required  in 
order  to  simulate  console  panels  which  may  have  real-time  changes  or 
motion  involved.  Therefore,  it  is  also  required  that  these  graphics 
be  dynamic. 

The  display  must  have  high  resolution  and  low  flicker.  A bit 
pattern  of  512  x 512  for  the  resolution  and  60  frames  per  second  for 
any  picture  frame  refresh  rate  should  be  acceptable. 

The  display  must  have  color  capability  for  high  fidelity  simula- 
tion. Many  of  the  equipment  panels  have  multicolor  indicators.  For 
example,  color  representations  are  noted  in  simulations  of  the  Basic 
Processor  Subsystem  (Cl  level),  the  Launcher  Control  Console  (01,  02,  PI, 
and  Cl  levels),  and  the  Printer  Subsystem  (01  and  PI  levels)  in  the 
tables  referred  to  above.  Color  can  also  be  used  for  emphasis  on  critical 
portions  of  the  display.  The  extent  of  the  color  control  required  is  a 
function  of  the  CBI  systems  available,  however. 

Assuming  that  all  other  required  or  desired  characteristics  are 
met  by  some  means,  additional  features  provided  by  high  fidelity  represen- 
tation are  not  a requirement.  Specifically,  it  is  not  a requirement  that 
a photographic  quality  moving  picture  be  projected  on  the  screen.  However, 
the  use  of  video  is  one  method  for  providing  the  other  required  or  desired 
display  characteristics  such  as  motion  and  color.  Likewise,  front  panel 
mock-ups  are  not  necessary,  although  they  would  satisfy  the  simulation 
requirements. 

There  is  no  requirement  established  for  hardcopy  of  the  computer 
displays  to  the  student.  However,  the  functional  requirements  of  a 
courseware  development  terminal  include  a firm  requirement  for  hardcopy 
of  the  courseware  material  for  documentation  purposes.  It  is  also 
desirable  for  Instructors  to  receive  hardcopy  summaries  of  student 
progress.  An  alphanumeric  hardcopy  presentation  should  be  adequate  and 
no  requirement  for  graphic  copy  is  expected,  although  it  might  aid  in 
documentation  of  graphic  displays  used  during  simulation.  The  quality 
of  the  copy  is  not  critical  and,  therefore,  nontypewriter  devices  which 
have  a low  noise  level  would  suffice. 

The  technology  of  CBI  has  advanced  to  the  point  of  the  possibility 
of  voice  Interface  between  the  student  and  the  terminal.  The  computer  can 
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either  control  the  output  of  prerecorded  messages  or  voice  output  can  be 
computer  generated  and  synthesized  with  recognizable  fidelity.  A limited 
set  of  voice  commands  are  also  possible  for  input  to  the  terminal. 
Presently,  the  use  of  these  commands  requires  a computer  learning  process 
for  each  new  voice  introduced  to  the  terminal.  However,  no  simulation 
requirement  has  been  established  for  voice  input  or  output  and,  there- 
fore, it  has  been  eliminated  from  consideration.  Text  displays  should 
be  adequate  to  simulate  the  voice  messages  during  operator  training. 

2. 7. 2. 2 Response  Requirements 

A keyboard  for  alphanumeric  input  is  required  for  both  course- 
ware development  and  student  responses.  The  standard  ASCII  key  set  is 
assumed  sufficient  with  only  upper  case  as  an  absolute  requirement. 

Lower  case  ASCII  would  be  desirable.  A special  numeric  cluster  in 
addition  to  the  numeric  capability  of  the  ASCII  keys  is  useful  for  work 
involving  heavy  arithmetic  input,  but  is  not  a requirement.  Functional 
keys  would  enhance  the  capability  for  student  responses  during  simula- 
tions and  during  courseware  development  but  are  not  necessary. 

Another  keyboard  option  conceptually  available  on  a CBI  system 
is  flexible  key  sets.  Hardware  and  software  designs  exist  for  easy  in- 
sertion of  new  key  caps  and  new  computer  interpretation  of  the  key 
activations.  Another  possibility  is  the  complete  substitution  of  a key- 
board module  with  alternate  key  sets.  Another  capability  for  a change- 
able key  set  would  be  the  use  of  a plasma  panel  with  a touch  pattern 
forming  the  key  set.  With  this  approach,  the  figures  representing  the 
key  press  can  be  altered  by  the  touch  of  a button.  A review  of  the 
TRIDENT  simulation  requirements  disclosed  no  absolute  need  for  any  key 
set  other  than  standard  ASCII,  although  special  programmable  symbols 
which  are  associated  with  keys  in  some  manner  as  described  above  are 
desirable. 

Touch  panel  and  stylus  response  devices  are  discussed  here  as 
a unit  to  stress  their  overlapping  possibilities.  The  classic  touch 
panel  involves  dividing  a display  screen  into  a relatively  coarse  grid. 

A finger  touch  to  the  panel  is  sensed  by  the  terminal  and  indications 
of  a specific  area  touched  within  the  grid  are  sent  to  the  computer. 

Typical  resolutions  afforded  in  sensing  the  area  touched  might  be  stated 
as  one  area  selected  out  of  a total  available  of  16  to  64.  A stylus 
usually  involves  an  active  element,  such  as  a pen,  to  be  held  in  the  hand. 
The  stylus  is  pointed  at  a precise  spot  on  the  screen  and  an  accurate 
measure  of  the  coordinates  are  sent  to  the  computer.  The  resolution  is 
near  or  equal  to  the  resolution  of  the  display  itself. 

A capability  for  accurate  positional  student  input  on  the  dis- 
play screen  is  a requirement  for  TRIDENT  simulation.  The  accuracy  require- 
ment does  not  dictate  stylus  level  accuracy.  It  appears,  however,  that 
a stylus  can  adequately  provide  the  function.  If  a stylus  is  used,  it 
should  be  a requirement  that  the  stylus  be  applied  directly  to  the 
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display  screen  with  no  interference  to  the  brilliance  of  the  display. 

It  is  not  critical  that  the  system  be  capable  of  accepting  a passive 
pointing  element  such  as  a finger  or  nonactive  pen,  although  this 
accuracy  level  would  suffice. 

2. 7. 2. 3 System  Level  Associated  Requirements 

Several  characteristics  associated  with  terminals,  which  are 
not  part  of  the  media  requirements  per  se  and  which  may  depend  upon 
other  computing  system  components,  are  identified  here  in  relation  to 
TRIDENT  simulations  to  provide  a more  complete  set  of  requirements. 

Response  time  is  defined  as  the  average  time  required  for  the 
CBI  terminal  to  begin  a detectable  response  to  a student  action.  Fast 
response  time  is  required  for  the  simulations  in  order  to  obtain  real- 
time fidelity,  decrease  lost  time  in  training,  and  lessen  distractions 
in  student  concentration.  A range  of  response  time  acceptability  has 
been  established  at  a delay  from  0.1  to  0.2  seconds. 

System  modularity  is  a requirement.  The  CBI  system  must  be 
capable  of  convenient  expansion  to  accommodate  an  increase  in  student 
contact  hours  of  up  to  100%  of  the  original  requirements.  This  increase 
may  be  the  result  of  either  an  increase  in  the  number  of  students  being 
trained  or  an  increase  in  the  CBI  curriculum  made  available.  The  need 
for  modularity  must  be  reflected  in  capability  for  expansion  in  nxjmber 
of  terminals,  capacity  of  central  or  terminal  processor  memory,  capacity 
of  central  or  terminal  random  access  bulk  storage,  capacity  for  data  com- 
munications, or  any  other  workload  sensitive  functions. 

A courseware  language  which  relieves  the  training  personnel  from 
the  requirement  for  developing  computer  programming  expertise  is  a 
requirement.  This  requirement  is  also  based  on  the  need  for  easing  the 
workload  involved  with  generation  of  the  many  courses  which  will  be 
required  to  reduce  the  TRIDENT  laboratory  overload  through  CBI  implemen- 
tation. Of  special  significance  is  the  support  needed  for  developing 
both  static  and  dynamic  graphics. 

The  degree  of  schedule  control  needed  within  the  TRIDENT  training 
program  places  a firm  requirement  on  high  reliability  of  terminals  and 
associated  components.  Reliability  considerations  are  dependent  on  CBI 
system  design.  Terminal  availability  may  be  assured  by  having  back-up 
terminals  on-site. 

Finally,  in  order  to  allow  instructors  the  capability  for  evalua- 
tion of  students  as  soon  as  they  finish  a CBI  lesson,  it  will  be  necessary 
to  summarize  and  display  student  data.  This  data  will  also  be  needed  for 
CBI  curriculum  evaluation,  especially  during  the  courseware  development 
periods. 
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2.7.3  Summary  of  Terminal  Characteristic  Requirements 


The  laboratory  training  analysis  results  from  paragraphs 
2.4,  2.5,  and  2.6  were  compared  to  state-of-the-art  CBI  terminal 
characteristics  to  determine  the  suitability  and/or  the  requirement  of 
these  characteristics  for  TRIDENT  training.  In  section  3,  several  CBI 
system  candidates  are  evaluated  in  terms  of  CBI  characteristics  that  are 
required  for  TRIDENT  training.  The  methodology  for  the  evaluation  in- 
volves principles  of  the  Kepner-Tregoe  Decision  Analysis  Model.  Within 
this  model,  the  CBI  terminal  characteristics  are  classified  as  "musts" 
and  "wants."  The  "musts"  identify  terminal  characteristics  essential 
to  achieve  the  simulation  of  SWS  tactical  training  equipment,  while  the 
"wants"  establish  terminal  characteristics  that  enhance  the  simulation. 
The  CBI  terminal  characteristics  previously  identified  are  summarized 
in  Table  2-14  as  "musts"  and  "wants." 

2.8  Terminal  Numbers 


The  number  of  terminals  required  is  based  on  two  factors:  (a) 

the  amount  of  terminal  utilization  and  (b)  how  that  use  can  be  scheduled. 
There  are  three  CBI  terminal  user  types  for  SWS  training.  These  are: 

(a)  students,  (b)  Instructors,  and  (c)  instructional  developers.  After 
determination  of  the  amount  of  utilization  that  can  be  expected  for  each 
of  the  three  user  types,  scheduling  of  the  activities  will  be  taken  into 
account . 


2.8.1  Student  Utilization 


The  basic  unit  of  utilization  is  terminal  contact  time  required 
over  some  period  of  time.  Since  the  laboratory  utilization  was  projected 
in  hours  per  year,  CBI  terminal  utilization  followed  the  same  measure. 
Student  utilization  in  contact  hours  per  year  was  determined  separately 
for  each  laboratory.  The  calculations  are  shown  in  Table  2-15.  Informa- 
tion in  the  first  three  columns — CBI  hours  projected,  classes  per  year, 
and  contact  time — was  used  to  calculate  the  minimal  number  of  terminals 
required  and  the  percent  utilization  of  12  terminals. 

The  number  of  terminals  required  to  support  CBI  curriculum  in  a 
laboratory  was  determined  by: 

Number  of  Terminals  = Contact  Time  in  Hours  per  Year 

2,526  Hours  per  Terminal  per  Year 
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Table  2-14 


Summary  of  CBI  Characteristics  for 
TRIDENT  SWS  Terminals 


REQUIREMENTS 

MUST 

WANT 

DISPLAY  REQUIREMENTS 

CRT  OR  PLASMA 

X 

REAR  PROJECTION  (OVERLAY) 

X 

GRAPHICS 

X 

DYNAMIC  GRAPHICS 

X 

HIGH  RESOLUTION  (512  x 512) 

X 

LOW  FLICKER  60  FRAMES /SEC 

X 

COLOR 

X 

HARDCOPY  (NOT  FOR  STUDENTS) 

X 

RESPONSE  REQUIREMENTS 

KEYBOARD 

X 

STANDARD  ASCII 

X 

NUMERIC  CLUSTER 

X 

STUDENT  FUNCTION  KEYS 

X 

EDIT  FUNCTIONS  FOR 

X 

AUTHORING 

FLEXIBLE  KEY  SETS 

X 

TOUCH  PANEL  OR  STYLUS 

X 

PASSIVE  ELEMENT 

X 

OVERLAID  ON  DISPLAY 

X 

HIGH  RESOLUTION 

X 

AREA  SELECTION  RESOLUTION 

X 

SYSTEM  ASSOCIATED  REQUIREMENTS 

FAST  RESPONSE  (0.1  to  0.2  SEC) 

X 

MODULARITY  FOR  GROWTH 

X 

COURSE  DEVELOPMENT  LANGUAGE 

X 

HIGH  RELIABILITY 

X 

RESPONSE  DATA  GOLLECTION 

X 
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Student  Terminal  Utilization 
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It  has  been  shown  in  paragraphs  2.2  and  2.3  that  there  are  2,526  hours 
of  training  time  available  in  each  laboratory.  The  same  amount  has  been 
assumed  for  terminals,  allowing  for  worst  case  scheduling  and  maintenance. 
Contact  time  was  calculated  by; 

Contact  Time  = Number  CBI  Hours  X Classes  X 12  Students 
per  Year  Projected  Per  Year  Per  Class 

The  results  of  these  calculations  are  that  1.9,  1.0,  and  3.2  terminals 
are  required  for  the  FCSU,  LCG,  and  MCC  laboratories,  respectively. 

These  numbers  assume  perfect  scheduling  of  the  terminals,  but  additional 
time  to  allow  for  nonuse  periods  does  not  impact  them  significantly. 
Further,  as  explained  in  paragraph  2.8.4,  12  terminals  are  recommended  to 
allow  for  a complete  replacement  class  at  one  time  and  this  provides 
extra  hours.  The  utilization  of  12  terminals  by  students  would  be  around 
53.5%  of  total  time  available. 

2.8.2  Instructor  Utilization 


The  primary  use  by  instructors  will  be  during  the  time  of  student 
use.  Reports  on  student  progress  will  probably  be  generated  off-line  and 
not  at  the  terminals.  Therefore,  no  significant  amount  of  instructor  use 
is  seen. 


2.8.3  Instructional  Development  Utilization 

Two  terminal  uses  by  personnel  responsible  for  CBI  curriculum  are 
seen.  The  first  of  these  is  the  development  of  the  CBI  material  and  in- 
cludes terminal  contact  time  for  authoring,  debugging,  editing,  and  evalua- 
tion. The  second  use  is  maintenance  of  CBI  curriculum.  Table  2-16  shows 
the  number  of  terminals  required  and  the  percent  utilization  of  12  terminals, 
by  laboratory,  for  both  development  and  maintenance. 
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Development  and  Maintenance  Terminal  Utilization 
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Terininal  contact  time  for  the  development  function  is  based  on  an 
index  of  200  hours  of  author  contact  time  per  hour  of  CBI  developed.  The 
200  hours  was  determined  by  surveying  military  CBI  users  as  explained  in 
section  3.  The  200-hour  figure  is  actually  a liberal  estimate  of  contact 
time.  It  should  not  be  expected  that  all  of  this  will  be  at  the  terminal 
since  some  time  is  also  spent  in  desktop  analysis  and  paper  work.  However, 
the  200-hour  figure  also  allows  for  formative  evaluations  with  a few  students. 
The  contact  time  column  for  the  development  function,  therefore,  reflects 
a multiplier  of  200  hours  for  each  hour  of  CBI  time  developed.  The  number 
of  terminals  for  the  development  function  was  determined  in  the  same  manner 
as  for  student  utilization.  That  is,  each  terminal  is  considered  to  have 
2,526  hours  available  and  this  number  was  divided  into  the  contact  time  to 
arrive  at  a terminal  number.  Likewise,  the  12  terminal  percent  utilization 
is  based  on  12  terminals  available  at  2,526  hours  each.  It  should  be  noted 
that,  while  a total  of  42.4%  terminal  time  utilization  is  projected  for  the 
development  function,  these  hours  occur  before  steady  state,  and  are  actually 
phased  over  three  years  instead  of  one  year,  as  shown  in  section  3, 

Figure  3-4.  This  means  that  the  12  terminal  percent  utilization  is 
actually  going  to  be  much  lower,  probably  less  than  20%  at  peak,  and 
require  no  more  than  two  terminals  at  a time  before  maximum  student 
usage. 


The  number  of  contact  hours  for  maintenance  is  based  on  a pro- 
jection of  four  minor  changes  per  year  required  for  each  CBI  hour  developed. 
Five  hours  of  contact  time  for  each  minor  change  are  expected.  The 
minor  changes  can  be  expected  from  peak  steady  state  TRITRAFAC  student 
volume  through  the  life  of  the  system.  More  major  changes  can  be  expected 
for  a short  period  before  steady  state  occurs,  but  the  number  of  terminals, 
12,  should  more  than  adequately  provide  the  required  time.  On  this  basis, 
only  about  .5  terminals  are  seen  necessary  for  maintenance  of  CBI  cur- 
riculum or  4.2%  of  the  total  available  terminal  time. 

2.8.4  Scheduling  Factors 


Beyond  the  computation  of  expected  terminal  contact  hours  is 
another  factor  of  paramount  performance;  that  is,  the  scheduling  of 
terminal  time.  CBI  must  fit  into  total  laboratory  utilization  and  the 
scheduling  of  laboratories.  CBI,  for  these  reasons,  should  be  considered 
as  a laboratory  resource.  One  important  factor  in  scheduling  is  that 
classes  are  run  in  12-man  groups.  Thus,  if  only  four,  six  or  eight  terminals 
are  available,  the  student  scheduling  must  be  staggered  to  complete  the  CBI 
time.  This  could  cause  delays  in  starting  classes  or  laboratories  as  well 
as  reducing  total  scheduling  flexibility.  It  is,  therefore,  desirable  to 
schedule  all  the  students  in  a class  to  start  at  the  same  time  on  CBI,  and 
this  requires  12  terminals.  Laboratory  groups  are  actually  run  in  four-man 
groups,  however,  and  if  CBI  occurs  at  the  middle  of  laboratory  time,  then 
scheduling  might  allow  for  staggering  the  four-man  groups  between  CBI  and 
laboratories.  Three  laboratories  could  be  stagger-scheduled  on  this  basis 
with  12  terminals. 
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Taking  scheduling  into  account,  as  well  as  projected  utilization, 
12  terminals  are  required.  These  can  be  expected  to  have  a student  use 
of  about  53.5%  and  curriculum  maintenance  use  of  about  4.2%.  Twelve 
terminals,  therefore,  allows  expansion  of  CBI  curriculum  for  laboratory 
overloads,  if  necessary.  One  additional  terminal  should  be  acquired  as 
a spare,  however,  in  the  situation  where  one  of  the  12  is  down  for  repairs. 
A total  of  13  terminals  is  recommended  for  SWS  training  at  TRITRAFAC  with 
64.25  hours  of  CBI  curriculum. 
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SECTION  3.  PHASE  II:  CONFIGURATION  DESIGN 


3.1  Overview 


The  niajor  purpose  of  this  section  is  to  provide  TRIDENT  SWS 
training  managers  with  information  to  facilitate  decision  making.  The 
first  part  of  the  section  addresses  the  question:  what  are  the  criteria 

for  selecting  a CBI  computing  system  for  SWS  laboratory  training?  Two 
basic  criteria  were  defined  for  the  selection  process:  (a)  the  computing 

system  must  fulfill  the  training  requirements,  and  (b)  the  computing 
system  must  be  cost  competitive  with  other  systems  meeting  the  require- 
ments. 


Paragraph  3.2  describes  the  methodology  used  to  evaluate  the 
CBI  systems  which  are  currently  available.  The  purpose  of  the  evaluation 
is  not  to  allow  a decision  as  to  which  systems  are  generally  better  than 
others,  but  to  Identify  which  systems  meet  the  two  selection  criteria. 
Paragraphs  3.3,  3.4,  and  3.5  detail  the  evaluation  process.  It  should  be 
noted  that,  as  is  the  case  with  many  management  tools  for  decision  making 
the  methodology  used  here  is  not  absolute  nor  is  it  infallible.  However, 
as  summarized  in  paragraph  3.6,  sufficient  information  was  obtained  to 
select  the  CBI  systems  which  could  fulfill  the  training  requirements 
identified  in  section  2.  Cost  comparisons  for  these  candidates  are 
described  in  section  4. 

The  next  part  of  this  section  describes  the  personnel  configura- 
tions associated  with  the  CBI  system  configurations  identified  earlier. 
The  personnel  types  required  for  each  configuration  are  divided  into  two 
categories  that  represent  the  two  major  components  of  a CBI  system — hard- 
ware/software and  courseware.  These  two  categories  are  subdivided  into 
initial  implementation  requirements  and  recurring  support  requirements. 

Paragraph  3.7  identifies  the  types  and  number  of  personnel  neces 
sary  to  Install  and  maintain  the  hardware/software  for  each  CBI  system 
alternative.  Paragraph  3.8  specifies  the  personnel  mix  and  number  of 
people  required  to  develop  the  CBI  courseware  and  paragraph  3.9  discusses 
the  level  of  effort  required  to  maintain  the  CBI  courseware  over  the 
system  life-cycle. 

Finally,  this  section  addresses  the  effort  which  is  required  to 
successfully  incorporate  CBI  into  the  FB>I  Training  System.  Regardless  of 
the  CBI  system  selected  from  the  three  configurations  identified,  certain 
baseline  activities  are  required  to  implement  CBI.  Of  most  importance 
are  the  roles,  procedures,  and  specifications  for  CBI  courseware  develop- 
ment and  maintenance.  These  must  be  included  in  the  FBM  Training  System 
documentation  to  ensure  adequate  management  control. 
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Paragraph  3.10  provides  an  overview  of  the  current  FBM  Training 
System  documentation.  Paragraph  3.11  discusses  the  current  roles  and 
procedures  within  the  SSBN  Weapon  System  Training  Materials  Program. 

Working  within  the  framework  of  this  established  program,  paragraphs 
3.12  and  3.13  address  the  roles  and  procedures  required  to  develop  and 
maintain  CBI  courseware.  Paragraph  3.1A  discusses  current  documentation 
modifications  required  to  incorporate  CBI  into  FBM  training. 

3. 2 Computing  System  Evaluation  Methodology 

The  methodology  used  to  evaluate  CBI  systems  for  TRIDENT  train- 
ing is  based  on  principles  of  the  Kepner-Tregoe  Decision  Analysis  Model. 

This  model  provides  a systematic  approach  for  identifying  the  most  suit- 
able candidates  to  satisfy  the  functional  requirements  from  a range  of 
alternatives.  The  model  involves  a three-step  process: 

a.  The  classification  of  functional  requirements  into  "musts" 
and  "wants."  Musts  define  the  essential  requirements  and  set  the  limits 
which  are  acceptable.  Wants  identify  the  desirable  requirements  in  terms 
of  relative  advantages  and  disadvantages. 

b.  The  determination  of  which  alternatives  can  meet  the  "musts." 

c.  The  rating  of  the  candidates  in  terms  of  satisfying  the  "wants." 

In  this  application  of  the  model,  the  range  of  alternatives  are 
the  CBI  computing  systems  which  are  currently  available,  the  functional 
requirements  are  the  computing  system  characteristics  which  are  necessary 
for  equipment  training  simulations  with  CBI,  and  the  suitable  candidates 
are  those  systems  that  meet  the  training  requirements  in  a cost  competitive 
manner.  The  following  sections  describe  the  three  steps  in  the  model  in 
terms  of  evaluating  CBI  systems  for  TRIDENT  training. 

3.2.1  Classification  of  Functional  Requirements 


The  functional  requirements  were  identified  in  the  CBI  configura- 
tion training  analysis.  Table  2-14  in  section  2 summarizes  the  terminal 
display  and  response  characteristics  and  system  associated  requirements 
in  terms  of  "musts"  and  "wants."  From  this  preliminary  breakdown  of 
functional  requirements,  the  "musts"  are  further  categorized  as  either 
absolute  or  relative  musts.  Paragraph  3.3  defines  the  absolute  musts  to 
be  used  in  Step  b. 

3.2.2  Evaluation  of  Alternatives 


The  characteristics  of  each  CBI  computing  system  alternative  are 
evaluated  against  the  list  of  absolute  musts  on  a YES/NO  basis.  If  a 
system  does  not  satisfy  all  of  the  absolute  musts,  it  receives  a NO  GO 
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status  and  Is  dropped  from  the  list  of  potential  CBI  candidates.  Para- 
graph 3.4  evaluates  the  11  CBI  systems  currently  available  against  the 
list  of  absolute  musts. 

3.2.3  Rating  of  Candidates 

Normally  the  systems  that  received  a GO  status  In  Step  b would 
be  rated  against  a list  of  "wants"  In  this  step.  However,  rating  the 
CBI  computing  system  candidates  In  terms  of  relative  hardware/software 
advantages  and  disadvantages  would  provide  no  additional  Information  In 
the  evaluation  process.  If  the  CBI  system  candidate  can  fulfill  the 
training  requirements  In  terms  of  absolute  musts,  cost  factors  are  the 
only  relevant  selection  criteria.  Paragraph  3.5  summarizes  the  GO/NO  GO 
status  of  the  11  systems  and  discusses  the  cost  considerations  for  the 
GO  system  candidates. 

3.3  Computing  System  Musts 

In  order  to  eliminate  from  consideration  those  CBI  computing 
systems  which  are  Inappropriate  for  TRIDENT  training,  a list  of  absolute 
must  requirements  was  established.  Absolute  musts  are  those  CBI  computing 
system  requirements  which  must  be  satisfied  on  a YES  or  NO  basis  to  ful- 
fill SWS  laboratory  training  simulation.  During  the  training  analysis, 
described  In  section  2,  the  terminal  display  and  response  characteristics 
and  system  associated  requirements  were  identified  as  "musts"  and  "wants." 

The  "musts"  summarized  in  Table  2-14  in  section  2 were  the  basis  for 
establishing  the  list  of  absolute  must  requirements.  Those  musts  not 
defined  as  absolute  In  the  following  paragraphs  were  categorized  as 
relative  musts  and  were  not  used  in  the  evaluation  of  CBI  system  alternatives. 

3.3.1  Display  Absolute  Musts 

The  display  for  CBI  training  simulations  requires  representations 
of  panels,  switches.  Indicators,  and  other  equipment  characteristics.  For 
TRIDENT  SWS  training,  the  representations  must  also  be  dynamic.  That  is, 
motion  must  be  provided  to  represent  changes  In  switch  settings,  Indicators, 
or  other  equipment/ system  status  changes.  Such  a capability  Is  usually 
provided  with  dynamic  graphics.  Another  way  is  to  display  a pictorial 
presentation,  such  as  Is  done  with  a rear  view  projection  screen  overlay, 
in  combination  with  a dynamic  graphics.  The  pictorial  and  graphics  cap- 
ability Is  higher  fidelity  but  not  a necessity.  The  least  required  on 
a YES/NO  basis  Is  dynamic  graphics. 

Representation  of  color  for  SWS  training  is  important  because  of 
the  many  color  Indications  of  equipment  and  system  status.  The  color 
variations  cannot  be  simulated  well  by  simply  writing  a color  name  on  a 
display  because  of  the  several  variations  of  one  primary  color,  such  as 
red,  for  one  Indicator.  Real  color  display  capability  is  required  for 
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many  situations.  Although  there  are  degrees  of  color  display  capability 
In  CBI  systems,  "color"  has  been  established  as  a YES/NO  requirement  to 
provide  a baseline  for  a GO/NO  GO  decision.  "Color"  can  be  provided 
on  current  CBI  systems  through  color  graphics,  slide  or  microfiche  pro- 
jection, and  videotape. 

The  final  display  requirement  which  may  be  viewed  on  a YES/NO 
basis  is  hardcopy  capability.  This  Is  required  by  CBI  curriculum  authors 
and  managers  for  documentation  and  control.  The  system  should  provide 
at  least  hardcopy  of  program  listings. 

3.2.2  Response  Absolute  Musts 

TVo  student  response  capabilities  are  required  on  a YES  or  NO 
basis.  The  first  is  a full  alphanumeric  keyboard.  Although  special  keys 
for  author  editing  and  student  functions  are  desirable,  they  are  difficult 
to  specify  without  linking  them  to  specific  systems  and,  therefore,  are 
not  included  as  an  absoulte  must.  All  CBI  systems  do  have  full  alpha- 
numeric keyboards  as  standard  response  devices. 

A more  distinctive  response  requirement  is  for  a touch  panel  or 
stylus  which  can  be  used  to  point  to  a graphic  or  pictorial  representa- 
tion of  equipment  on  the  screen.  This  capability  provides  a major,  inter- 
active simulation  feature  of  a CBI  system.  The  amount  and  type  of 
operator  and  maintenance  training  in  the  SWS  laboratories  dictates  that 
the  feature  be  included  on  a YES/NO  basis. 

3.3.3  System  Associated  Absolute  Musts 

Several  computing  system  characteristics  which  aid  in  ensuring 
successful  CBI  simulation  training  for  SWS  laboratories  are  defined  as 
absolute  musts.  First,  a fast  system  response  time  is  required  to  provide 
a "real  time"  setting  to  students.  Fast  response  time  is  defined  here 
as  less  than  0.2  seconds  average  time  to  begin  a new  display  after  entry 
of  a student  response.  The  other  two  absolute  musts  are  related  to  CBI 
curriculum  development  and  management.  They  are  a course  development 
language  and  the  capability  to  collect  and  analyze  response  data. 

3.3.4  Summary  of  Absolute  Musts 

The  following  list  is  a svimmary  of  the  absolute  musts  in  the 
order  in  which  they  will  be  discussed  in  paragraph  3.4: 

a.  Dynamic  Graphics 

b.  Color  Representation 

c.  Hardcopy 

d.  Keyboard 
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e.  Touch  Panel  or  Stylus 

f.  Fast  Response 

g.  Author  Language 

h.  Response  Collection/Analysis 
3.4  Computing  System  Alternatives 

The  CBI  computing  system  alternatives  for  consideration  In  SWS 
laboratory  training  were  drawn  only  from  those  In  existence  now.  That  Is, 
It  was  not  considered  desirable,  or  necessary,  to  develop  a new  system 
for  use  In  TRITRAFAC.  Eleven  systems  were  selected  on  a preliminary  basis 
for  comparison  against  the  list  of  absolute  musts  defined  In  paragraph 
3.3.  The  systems  were  selected  on  several  bases.  First,  some  are  widely 
known,  state-of-the-art,  systems.  Others  were  selected  for  consideration 
either  because  they  were  suggested  by  Navy  activities  who  had  some  know- 
ledge of  the  system,  such  as  the  Honeywell  system  at  the  Navy  installation 
in  Millington,  Tennessee,  or  because  they  appeared  to  be  economical  CBI 
systems.  Not  all  possible  systems  in  the  world  of  CBI  were  considered, 
but  the  list  to  be  evaluated  represents  that  world  well.  In  the  follow- 
ing sections  each  of  the  11  alternatives  will  be  described  according  to 
the  list  of  absolute  musts  in  paragraph  3.3.4. 

3.4.1  Hewlett-Packard  2000/3000 


The  Hewlett-Packard  Company  markets  a minicomputer  system  for 
CBI  based  on  their  Model  2000/3000  BASIC  timesharing  systems.  Up  to  32 
terminals  can  be  active  at  any  given  time  with  the  dual  processor  con- 
figuration. 


a.  Dynamic  Graphics 

The  terminals  offered  in  association  with  CBI  are  alpha- 
numeric only.  However,  graphics  terminals  built  by  Tektronix  are  avail- 
able with  a software  package  which  could  be  interfaced  to  the  CBI  soft- 
ware. 


b.  Color  Representation 

No  capability  is  provided  for  display  of  color  either  on  a 
CRT  or  as  an  adjunct  display. 

c.  Hardcopy 

Using  either  the  Course  Writing  Facility  (CWF)  or  Instructional 
Dialogue  Facility  (IDF)  in  conjunction  with  a hardcopy  terminal  (as  opposed 
to  a CRT) , it  is  possible  for  the  author  to  receive  printed  paper  versions 
of  courses,  both  as  program  listings  and  as  student  displays. 
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d.  Keyboard 

All  required  keyboard  characteristics  are  satisfied. 

e.  Touch  Panel  or  Stylus 

No  position  Indicator  capability,  either  by  touch  or  stylus, 
is  available. 

f . Fast  Response 

With  nongraphic  terminals  which  are  hardwired  (no  phone  lines), 
system  response  is  apparently  no  problem.  However,  with  13  graphics 
terminals  on  one  processor  (one  processor  is  required  for  16  terminals), 
"real  time"  display  and  processing  might  be  a problem.  Since  several 
other  absolute  musts  have  not  been  met  by  the  system,  no  attempt  was  made 
to  verify  expected  system  response  time  with  Hewlett-Packard. 

g.  Author  Language 

Hewlett-Packard  provides  excellent  CBI  authoring  capabilities 
in  two  software  packages.  CWF  is  a CBI  programming  capability  compatible 
\d.th  IBM's  COURSEWRITER  III.  The  second  package,  IDF,  enables  authors  to 
conversationally  generate  CBI  materials.  The  conversational  author  mode 
requires  little  experience  to  become  an  effective  user. 

h.  Response  Collection/Analysis 

By  using  IDF  and  the  Instructional  Management  Facility  (IMF) , 
it  is  possible  to  record  student  responses,  analyze  the  data,  and  generate 
reports  as  required. 

3.4.2  Navy  CMI  System  at  Millington 

The  Navy  has  recently  acquired  a large  scale  computing  system 
built  by  Honeywell  for  use  in  computer-managed  instruction  (CMI) . An 
option  on  that  system  is  for  terminals  and  software  to  support  direct 
CBI  instruction. 

a.  Dynamic  Graphics 

The  terminals  offered  by  Honeywell  are  alphanumeric  CRTs. 
Dynamic  graphics  capability  is  not  provided. 

b.  Color  Representation 

No  capability  is  provided  to  display  colors,  either  as  graphics 
or  pictorlally. 
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c.  Hardcopy 

Hardcopy  of  programs  is  possible. 

d.  Keyboard 

A standard  alphanumeric  keyboard  is  provided  with  the  CBI 
terminal  option. 

e . Touch  Panel  or  Stylus 


No  position  indicator  capability,  either  by  touch  or  stylus, 

is  available. 

f . Fast  Response 

It  is  difficult  to  assess  the  response  time  characteristics 
of  this  system  if  all  display  requirements  were  met.  However,  given  the 
amount  of  CMI  and  other  functions  on  the  system,  as  well  as  the  general 
purpose  nature,  it  is  unlikely  that  less  than  0.2  seconds  average  time 
could  be  met. 

g.  Author  Language 

A CBI  language  named  PLANET  is  available.  However,  language 
support  for  graphics  and  other  TRIDENT  simulation  authoring  requirements 
is  not  available. 

h.  Response  Collection/ Analysis 

The  Navy  CKC  system  will  adequately  support  response  data 
collection  and  analysis  through  its  existing  software  resources. 

3. A. 3 Commercial  Time-sharing  Systems 

During  the  study,  several  suggestions  were  made  that  commercial 
time-sharing  systems  located  in  the  Northwest  should  be  analyzed  in  order 
to  reduce  the  line  costs  of  a network  system  selection.  Specific  systems 
were  not  studied,  but  general  characteristics  of  such  commercial  systems 
which  lease  time  are  included  for  completeness. 

a.  Dynamic  Graphics 

Not  all  of  this  type  of  timesharing  system  have  dynamic  graphic 
displays  available.  Some  do,  however,  and  would  be  possible  to  use  for 
TRIDENT  SWS  training. 
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b.  Color  Representation 


Commercial  timesharing  systems  do  not  offer  color  graphics 
or  CBI  associated  media  displays  such  as  microfiche,  slides,  or  videotape 
which  can  be  in  color. 

c.  Hardcopy 

Listings  of  programs  are  available  in  hardcopy  through  most 
of  these  services. 

d.  Keyboard 

Standard  alphanumeric  keyboards  are  available. 

e.  Touch  Panel  or  Stylus 

The  business  and  scientific  application-oriented  timesharing 
systems  do  not  usually  provide  the  capability  of  positional  indicators. 

f . Fast  Response 

Given  the  necessarily  general  purpose  nature  of  commercial 
timesharing  systems  and  the  sometimes  heavy  computational  processing  load, 
it  is  unlikely  that  an  average  response  under  0.2  seconds  could  be  achieved. 

g.  Author  Language 

CBI  author  languages  are  available  on  some  large-scale  time- 
sharing systems  and  it  is  assumed  that  such  a system  could  be  found  in  the 
Northwest  area.  However,  two  such  systems,  the  IBM  360  COURSEWRITER  and 
UNIVAC  ASET,  are  directly  addressed  later  in  this  section. 

h.  Response  Collection/Analysis 

Those  systems  with  authoring  language  capability  would  also 
have  software  and  storage  facilities  for  response  data  collection  and 
analysis . 

3.4.4  UNIVAC 


CBI  software  and  hardware  support  is  offered  by  UNIVAC  on  several 
systems.  The  Marines,  for  example,  use  such  a system  based  on  a UNIVAC  1108 
and  operated  by  the  Navy,  to  provide  CBI  at  several  bases  in  Southern 
California.  Since  the  same  or  similar  system  might  be  made  available  to 
TRITRAFAC  it  was  Included  for  study. 
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a.  Dynamic  Graphics 


Dynamic  graphic  terminals  are  supported  with  the  UNIVAC 
systems  although  not  directly  under  the  CBI  author  language. 

b.  Color  Representation 

No  color  capability  is  available  for  representing  panel 
components  such  as  indicator/ switches. 

c.  Hardcopy 

Hardcopy  of  CBI  lessons  is  available. 

d.  Keyboard 

Standard  alphanumeric  keyboards  are  available  on  the  terminals. 

e.  Touch  Panel  or  Stylus 

Positional  indicators  are  not  available. 

f . Fast  Response 

The  UNIVAC  1108  system  is  an  extremely  high  capacity  proces- 
sing machine  in  larger  configurations.  It  is  possible  that  even  with  a 
general  purpose  operating  system  fast  responses  could  be  achieved  under 
the  right  conditions.  However,  if  the  system  were  being  used  for  large 
computational  tasks  at  the  same  time  as  CBI,  the  response  times  would  be 
greater  than  required.  The  system  would  therefore  have  to  allow  CBI  a 
priority  over  other  tasks.  It  was  not  determined  during  the  study 
whether  this  would  be  acceptable  to  Navy  activities  operating  UNIVAC  systems 
capable  of  CBI  since  sufficient  questions  concerning  display  and  response 
requirements  had  already  been  raised  to  eliminate  the  systems  from  cost 
considerations . 

g.  Author  Language 

UNIVAC  provides  a CBI  authoring  system  which  is  well  documented 
and  relatively  easy  to  use. 

h.  Response  Collection/Analysis 

Response  data  collection  is  made  possible  along  with  appropriate 
file  management,  statistical  routines,  and  report  generation  capability. 


3-9 


3.4.5 


IBM  COURSEWRITER  III 


The  IBM  COURSEWRITER  III  CBI  system  is  a combination  of  specially 
developed  CBI  software  and  terminals  operating  on  360  series  machines. 

The  COURSEWRITER  capability  was  studied  since  the  Navy,  as  well  as  other 
installations  in  the  Northwest,  has  360  systems  in  service. 

a.  Dynamic  Graphics 

The  COURSEWRITER  III  software  and  terminals  do  not  provide 
graphics  capability. 

b.  Color  Representation 

Color  is  possible  through  use  of  a slide  projector  which  is 
under  con5>uter  control  but  as  a separate  display  from  the  terminal  Itself. 

c.  Hardcopy 

Hardcopy  of  CBI  programs  is  available. 

d.  Keyboard 

A standard  alphanumeric  keyboard  is  provided. 

e.  Touch  Panel  or  Stylus 

No  capability  for  positional  indicator  devices  are  provided. 

f . Fast  Response 

As  with  the  commercial  timesharing  and  UNIVAC  systems,  the 
COURSEWRITER  III  system  would  have  to  be  in  a priority  processing  position 
to  achieve  fast  response  times.  Otherwise,  there  would  most  likely  be 
periods  of  slower  response  than  desirable. 

g.  Author  Language 

The  COURSEWRITER  III  authoring  system  provides  a simplified, 
easy  to  use  programming  capability  for  CBI. 

h.  Response  Collect! on/ Analysis 

The  COURSEWRITER  III  system  is  well  designed  for  recording  and 
managing  student  performance  records.  The  records  are  available  for  either 
hardcopy  or  CRT  display. 
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3.4.6 


Control  Data  Corporation  PLATO 


The  PLATO  system,  developed  by  the  University  of  Illinois,  is  a 
large-scale  network  system  exclusively  designed  and  used  for  CBI.  The 
system  is  well  known  in  the  military  due  to  an  AEPA-funded  program  for 
evalviation  of  PLATO  in  DoD.  For  these  reasons  it  was  studied  for  use  at 
TRITRAFAC.  Control  Data  Corporation  (CDC)  has  committed  corporate  resources 
to  making  PLATO  commercially  available  and  it  was  the  CDC  PLATO  version 
which  was  analyzed. 

a.  Dynamic  Graphics 

PLATO  uses  a plasma  display  which  allows  dynamic  graphics. 

b . Color  Representation 

A microfiche  projection  onto  the  rear  of  the  plasma  terminal 
provides  the  capability  to  display  equipment  panel  colors. 

c.  Hardcopy 

Hardcopy  of  displays  on  the  plasma  screens  are  available 
through  a specially  developed  hardcopy  device.  Either  listings  or  actual 
student  displays  may  be  copied. 

d.  Keyboard 

PLATO  has  a full  alphanumeric  keyboard  with  special  function 
keys  for  use  in  CBI  programs  by  the  student  and  author. 

e.  Touch  Panel  or  Stylus 

A touch  panel  is  provided  as  a terminal  option.  The  panel 
overlays  the  plasma  screen. 

f . Fast  Response 

The  PLATO  system  at  the  University  of  Illinois  is  currently 
providing  average  response  times  of  less  than  0.2  seconds  even  with  400 
users  active.  Since  PLATO  is  designed  and  dedicated  to  CBI,  it  does  not 
experience  the  slower  times  of  large  commercial  timesharing  systems. 

g.  Author  Language 

A CBI  language  which  allows  the  unique  features  of  PLATO 
terminals  and  system  architecture,  TUTOR,  is  provided. 
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h.  Response  Collect lon/Analy sis 


PLATO  provides  the  capability  to  collect  response  data, 
perform  analysis,  and  display  summaries  of  data  through  programs  which  have 
been  developed  by  users. 

3.4.7  MITRE  TICCIT 


The  MITRE  corporation  TICCIT  system  is  currently  being  used  in 
the  Navy  for  aircraft  personnel.  The  system  is  designed  specially  for 
CBI  applications  as  a low  cost  but  instructionally  effective  capability. 

a.  Dynamic  Graphics 

TICCIT  does  not  have  computer-generated  dynamic  graphics.  The 
system  does,  however,  have  digitized  static  graphics  and  videotape.  Since 
the  videotape  players  are  under  computer  control  and  do  provide  a motion 
capability,  the  decision  was  made  to  count  TICCIT  as  fulfilling  SWS  train- 
ing requirements  on  this  must. 

b.  Color  Representation 

TICCIT  provides  both  color  graphics  and  color  videotape. 

c.  Hardcopy 

Hardcopy  of  CBI  programs  is  available  on  TICCIT. 

d.  Keyboard 

TICCIT  has  a full  alphanumeric  keyboard  with  special  function 
keys  related  to  instructional  strategies  using  learner  control  of  lessons. 

e.  Touch  Panel  or  Stylus 

At  the  time  of  the  study,  development  was  imderway  of  a 
stylus  capability  for  TICCIT. 

f . Fast  Response 

Because  of  the  TICCIT  hardware  and  software  design,  fast 
response  times  of  less  than  0.2  seconds  are  achieved. 

g.  Author  Language 

TICCIT  provides  a complete  authoring  system  based  upon  instruc- 
tional strategies. 

h.  Response  Collection/ Analysis 

The  capability  to  record  and  analyze  responses  is  provided. 
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3,4.8  Sylvanla  CTS 


The  Sylvanla  Computer  Training  System  (CTS)  was  developed  for 
the  Army  as  a CBI  system  and  is  currently  in  use  at  Fort  Gordon,  Georgia. 
It  is  a minicomputer-based  system. 


a.  Dynamic  Graphics 

CTS  uses  a modified  Sylvanla  terminal  with  excellent  graphics 

capability . 


b.  Color  Representation 

No  color  capability  is  provided  currently  with  CTS. 

c.  Hardcopy 

Hardcopy  of  program  listings  is  available  on  CTS. 

d.  Keyboard 

The  Sylvanla  terminal  has  a full  alphanumeric  terminal  with 
modifications  to  provide  special  CBI  functions  for  authors  and  students. 


e.  Touch  Panel  or  Stylus 

No  positional  Indicator  capability  is  provided. 

f . Fast  Response 

CTS  achieves  fast  response  times  averaging  less  than  0.2 
seconds  by  use  of  multiple  processors  for  terminal  control,  file  manage- 
ment, and  system  functions. 


g.  Author  Language 

A CBI  author  language,  designed  by  Army  personnel,  is  offered 

with  CTS. 

h.  Response  Collection/Analysis 

Response  data  collection  and  analysis  capability  is  provided. 
3.4.9  CLASSIC 

CLASSIC  is  a minicomputer-based  system  developed  and  marketed  by 
Digital  Equipment  Corporation  (DEC)  which  is  very  low  cost  relative  to 
other  CBI  systems. 
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a.  Dynamic  Graphics 


Dynamic  graphic  terminals  and  software  are  not  standard  in 
CLASSIC  but  can  be  purchased  as  options. 

b.  Color  Representation 

No  color  capability  is  available. 

c.  Hardcopy 

Hardcopy  listings  are  provided  through  the  standard  program- 
ming system. 


d.  Keyboard 

A full  alphanumeric  keyboard  is  available. 

e.  Touch  Panel  or  Stylus 

No  positional  indicator  is  available. 

f . Fast  Response 

DEC  does  not  advertise  a fast  response  and  it  is  doubtful 
that  this  requirement  could  be  met  with  a full  set  of  graphics  terminals 
on  the  system. 

g.  Author  Language 

CLASSIC  uses  the  BASIC  programming  language  with  some  CBI 
utility  extensions. 

h.  Response  Collection/ Analysis 

Response  data  collection  and  analysis  is  possible  on  CLASSIC, 
3.4.10  General  Electric  CBTS 


The  General  Electric  Computer  Based  Training  System  (CBTS)  is  a 
recently  developed,  stand-alone  CBI  terminal,  which  incorporates  the  same 
plasma  display  used  on  PLATO.  CBTS  was  the  only  stand-alone  terminal  system 
studied  because  it  is  the  only  system  of  this  type  available.  It  is  actually 
not  a computer  per  se  but  uses  hard-wired  components  to  perform  similar 
functions. 
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a.  Dynamic  Graphics 


CBTS  has  the  same  dynamic  graphics  capability  as  the  PLATO 
system  with  the  exception  that  displays  are  faster  because  of  special  hard- 
ware graphic  features, 

b.  Color  Representation 

CBTS  can  represent  color  through  projection  of  slides  on  the 
plasma  screen*  and  an  optional  second  display  for  color  graphics  or  video- 
tape. 


c.  Hardcopy 

Hardcopy  Is  available  through  special  author  modules  easily 
attached  or  removed  from  the  student  terminal. 

d.  Keyboard 

A full  alphanumeric  keyboard  with  special  function  keys  Is 
provided.  In  addition,  a portion  of  the  plasma  screen  can  be  used  to 
define  special  functions  for  authoring  or  student  responding. 

e.  Touch  Panel  or  Stylus 

A touch  panel  Is  provided  as  an  option  which  Is  overlaid  on 
the  plasma  screen.  In  addition,  panel  mockups  may  be  connected  for  higher 
fidelity  simulations. 

f . Fast  Response 

Because  CBTS  Is  a stand-alone  terminal  with  hardware  per- 
forming many  functions  normally  done  by  software,  response  times  are 
extremely  fast.  Average  response  times  should  be  much  better  than  the 
0.2  seconds  required. 

8-  Author  Language 

CBTS  provides  several  levels  of  authoring  languages  which  are 
easily  learned  and  used. 

h.  Response  Collection  and  Analysis 

Response  data  collection  and  analysis  Is  made  possible  through 
storage  on  a floppy  disk  with  analysis  routines  either  on  a terminal  or  on 
a computing  system. 
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3.4.11  Educational  Computing  Corporation  EC  II 


Educational  Computing  Corporation  (ECC)  has  developed  a student 
station  which  allows  various  equipment  panel  mockups  to  be  energized  and 
operated  under  computer  control.  The  system,  EC  II,  does  not  provide  CBI 
functions  as  defined  for  other  systems  considered.  However,  the  panel 
learning  stations  have  excited  several  branches  of  the  military  and 
therefore  the  capability  was  studied  here. 

In  a different  fashion,  all  the  musts  can,  to  some  extent,  be 
satisfied  by  EC  II.  Since  the  panel  can  actually  consist  of  operating 
Indicators,  switches,  and  dials,  all  of  the  display  and  response  musts 
are  fulfilled.  The  stations  do  operate  In  near  real  time  because  each  Is 
controlled  by  a separate  minicomputer.  The  only  drawback,  considering  the 
list  of  musts.  Is  In  authoring.  ECC  usually  performs  the  programming 
although  a user  could  learn  to  do  so.  Estimates  from  ECC  Indicate  a much 
higher  relative  cost  for  EC  II  programming  than  Is  Incurred  with  more 
traditional  frame- oriented  CBI.  The  authoring  Is  therefore  probably  more 
complex  with  EC  II. 

3.4.12  Other  Candidates 


Several  other  system  possibilities  were  looked  at  briefly  during 
the  study  but  were  determined  not  to  be  feasible  for  various  reasons.  One 
of  these  was  the  potential  for  CBI  on  the  AN/UYK-20.  It  appears  that  the 
possibility  of  using  this  Navy-wide  system  for  forms  of  CBI  Is  being 
studied  by  other  groups  but  It  did  not  appear  that  the  capability  would 
be  available  In  time  for  TRIDENT  consideration  or  that  the  full  range  of 
musts  could  be  satisfied.  Another  possibility  was  use  of  the  Air  Force 
Advanced  Instructional  System.  However,  It  did  not  seem  feasible  at  this 
time  for  the  cognizant  Air  Force  activities  to  conmlt  the  system  for 
TRITRAFAC  use,  given  that  development  is  still  underway  for  CBI  simulation 
capabilities.  Finally,  no  other  computing  system  which  was  planned  for 
TRITRAFAC  had  the  CBI  capabilities  required. 

3.5  CBI  System  Evaluations 

As  a result  of  comparing  each  candidate  against  the  list  of  musts, 
decisions  were  made  on  a GO/NO  GO  basis.  If  a system  met  all  requirements, 
it  was  analyzed  further  In  terms  of  personnel  and  operational  requirements 
for  total  life  cycle  costing. 

Table  3-1  summarizes  the  results  by  system  candidate  and  musts. 
Seven  of  the  systems  are  clearly  in  the  NO  GO  category  according  to  the 
musts  defined  for  SWS  laboratory  training.  It  should  be  noted  that  each 
of  these  seven  have  definite  useful  lives  as  CBI  systems.  The  reason  they 
do  not  fulfill  TRIDENT  needs  Is  that  they  are  not  designed  for  equipment 
simulations  of  the  sort  required  for  SWS  laboratories.  The  capabilities 
represented  by  systems  1,  2,  3,  4,  5,  8,  and  9 are  more  appropriate  for 
other  types  of  learning  such  as  theoretical,  verbal,  and  concept. 
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Evaluation  of  CBI  Systems  on  a GO/NO  GO  Basis 
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Three  of  the  candidate  systems  do  meet  all  musts.  These  are 
PLATO,  TICCIT,  and  GETS,  PLATO  and  GETS  appear  to  have  somewhat  better 
capability  for  dynamic  simulations  using  graphics,  but  TIGGIT  lessons  can 
be  designed  to  attain  the  same  objectives  with  a combination  of  video- 
tape and  static  graphics.  All  three  systems  have  excellent  authoring 
and  response  recording  capabilities.  In  addition,  each  is  designed  for 
fast  response  times. 

The  EG  II  stations  could  be  used  for  SWS  laboratory  training  but 
a decision  was  made  for  NO  GO  on  two  factors.  First,  the  GETS  terminals 
also  have  the  capability  for  panel  stimulation  in  addition  to  the  tradi- 
tional GBI,  Therefore,  both  types  of  instruction  are  available  on  one 
system.  Second,  GETS  terminals  and  EG  II  stations  are  in  the  same  cost 
range,  about  $25,000  to  $30,000  each.  The  costs  of  panel  simulations 
should  be  comparable.  Portions  of  training  on  GETS,  with  traditional  GBI, 
will  be  less  expensive.  The  result  is  that  GETS  has  more  instructional 
power  at  less  cost. 

3*6  GBI  Gomputing  System  Summary 

Eleven  GBI  computing  systems  were  compared  to  a list  of  eight 
absolute  musts  on  a yes  or  no  basis.  If  all  eight  requirements  were  met, 
a system  received  a GO  decision  which  meant  it  would  be  studied  further 
for  manpower  and  procedural  requirements.  The  total  system  machine  and 
people,  were  then  life-costed  as  described  in  section  4.  Since  the  eight 
musts  were  established  from  an  analysis  of  the  specific  environment  of 
TRIDENT  SWS  laboratory  training,  only  those  GBI  systems  appropriate  were 
final  candidates.  The  three  GBI  systems  receiving  GO  decisions  were  PLATO, 
TIGGIT,  and  GETS.  In  the  remainder  of  this  section,  and  in  section  4, 
these  three  systems  will  be  the  center  of  the  study, 

3.7  GBI  System  Installation  and  t^laintenance 

The  installation  and  maintenance  of  the  hardware/ software  component 
of  a GBI  system  is  broken  down  into  three  elements: 

a.  Physical  installation  of  the  hardware/equipment  and  system 
testing  of  the  hardware/ software. 

b.  Hardware/equipment  maintenance  and  operational  support  through- 
out the  system  life-cycle, 

c.  Gomputer  software  maintenance  and  updates  over  the  system 
life-cycle. 

It  has  been  assumed  that  the  facility  and  personnel  requirements 
to  perform  the  physical  installation  of  the  GBI  system  will  be  the  joint 
responsibility  of  the  Weapons  Program  Goordinator  (WPG),  the  Facilities 
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Program  Coordination  (FPC) , and  the  CBI  system  contractor.  Since  space 
has  been  designated  within  TRITRAFAC  for  the  CBI  system,  normal  power 
and  environmental  conditions  should  be  available  prior  to  installation. 

A crew  of  on-site  personnel  should  be  provided  as  required  to  assist  in 
the  unpacking,  moving,  hook-up,  etc.  of  the  hardware/equipment.  Per- 
sonnel will  be  furnished  by  the  CBI  system  contractor  for  the  initial 
installation  and  system  testing.  The  specific  types  of  personnel  and 
numbers  required  are  a function  of  the  hardware /software  configuration. 

The  personnel  requirements  for  hardware  maintenance  and  software 
maintenance  are  determined  by  the  system  characteristics  and  the  support 
features  offered  by  the  CBI  system  contractor.  Paragraphs  3.7.1,  3.7.2, 
and  3.7.3  outline  the  specific  personnel  required  to  install  and  maintain 
each  CBI  system  alternative. 

3.7.1  TICCIT  Personnel  Requirements 

MITRE  Corporation  is  responsible  for  the  systems  integration 
effort  required  to  Install  the  TICCIT  system.  This  Includes  coordinating 
the  procurement  of  the  system  components  from  various  vendors,  providing 
documentation  on  hardware  operating  and  maintenance  procedures  from  the 
vendors,  arranging  factory  training  on  major  system  components,  conduct- 
ing a site  survey  to  detemine  facility  requirements,  preparing  an  in- 
stallation design  layout,  determining  the  initial  spares  requirements, 
etc. 


System  integration  and  testing  is  conducted  at  the  MITRE  facility 
before  components  are  shipped  to  the  site  for  Installation.  Due  to  the 
complexity  of  installing  the  system,  several  computer  technicians  and/or 
installation  specialists  will  be  required  from  the  on-site  personnel  crew 
to  support  the  physical  installation  effort.  MITRE  provides  on-site 
personnel  for  6 weeks  after  system  delivery  to  ensure  that  the  system  is 
operational.  On-call  service  is  provided  by  MITRE  for  6 months  after 
delivery  for  troubleshooting  and  operational  support. 

There  are  two  options  available  for  TICCIT  computing  hardware 
support:  (a)  a blanket  maintenance  agreement  with  Data  General,  or  (b) 

on-call  services  from  Data  General.  In  the  first  case,  a set  fee  per 
year  covers  scheduled  preventative  maintenance,  repairs,  replacements, 
and  replenisluaent  spares  for  the  major  system  components.  To  supplement 
this  support,  an  estimate  of  one-and-a-half  full-time  military  technicians 
is  required  to  maintain  the  non  Data  General  system  components — for  example, 
MITRE  supplied  equipment  and  terminals.  This  would  Include  preventative 
maintenance,  trouble  analysis  and  isolation,  minor  replacements  and  repairs, 
and  system  operator  functions.  The  second  option  will  require  at  least 
three  full-time  military  technicians  to  support  all  the  system  components 
and  perform  system  operator  functions.  In  addition,  on-call  service  from 
Data  General,  replacement  parts,  and  replenisliment  spares  would  have  to  be 
procured.  Due  to  the  fact  that  TICCIT  system  integration  has  not  been 
completed,  the  first  maintenance  option  is  recommended  for  the  TRITRAFAC 
installation  to  minimize  potential  problems. 
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MITRE  has  the  charter  for  software  development  for  the  TICCIT 
system,  but  it  does  not  have  responsibility  to  support  the  existing  soft- 
ware. Therefore,  it  is  recommended  that  an  on-site  system  programmer  be 
available  full-time  for  software  maintenance,  debug,  and  operational 
support . 


In  summary,  the  minicomputer  configuration  of  the  TICCIT  system 
presents  specific  installation  and  maintenance  requirements.  On-site 
personnel  must  be  available  to  assist  MITRE  representatives  in  the  system 
installation  and  one-and-a-half  full-time  military  technicians,  as  well 
as  a full-time  systems  programmer,  are  required  to  support  system  operation. 

3.7.2  PLATO  Personnel  Requirements 

The  marketing  policy  established  by  Control  Data  Corporation  (CDC) 
for  the  PLATO  system  provides  a full  range  of  installation  and  maintenance 
services.  CDC  personnel  assist  in  the  equipment  installation  design  and 
layout  and  ensure  that  the  facility  meets  operational  requirements.  Physical 
installation  and  testing  of  the  terminals  on-site  is  performed  by  CDC 
customer  engineers  with  little  assistance.  A monthly  terminal  maintenance 
charge  includes  scheduled  preventative  maintenance,  on-call  field  service 
(with  a maximum  2-hour  response  time),  and  spares  and  replacement  parts 
as  required.  A monthly  multiplexor  service  charge  covers  maintenance  on 
the  necessary  communications  equipment.  PLATO  software  support  includes 
special  communications  equipment  interfaces,  authoring  language  facility, 
and  lesson  execution  facility  at  no  charge  to  the  user,  as  well  as  access 
to  any  new  software  modifications  and  improvements. 

The  installation  and  maintenance  of  a cluster  of  remote  PLATO 
terminals  tied  into  a central  CDC  network  imposes  no  additional  person- 
nel requirements  for  TRITRAFAC.  However,  it  is  recommended  that  a military 
technician  be  available  one  quarter  of  the  time  for  problem  isolation  and 
general  upkeep  on  the  terminals. 

3.7.3  CBTS  Personnel  Requirements 

General  Electric  Ordnance  Systems  (GEOS)  has  development  and 
marketing  responsibility  for  CBTS  stand-alone  terminals.  GEOS  engineers 
will  provide  an  equipment  installation  design  and  layout  and  ensure  that 
the  facility  meets  operational  requirements.  Physical  installation,  hook-up, 
and  functional/operational  testing  will  be  accomplished  by  GEOS  engineers 
with  minimal  support  from  on-site  personnel. 

Support  for  CBTS  includes  a hardware  maintenance  panel  and  a soft- 
ware maintenance  diskette.  A full  complement  of  spare  modules  and  components 
will  be  available  on-site.  Failed  modules  will  be  replaced  and  returned  to 
GEOS  for  repair  or  for  replenishment  spares.  GEOS  engineers  will  be  avail- 
able for  diagnostic  testing  and  repair  as  required  and  any  software  updates 
will  be  provided  to  the  user  by  GEOS. 
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The  installation  and  maintenance  of  a small  number  of  CBTS 
stand-alone  terminals  does  not  require  additional  TRITRAFAC  personnel. 
However,  it  is  recommended  that  a military  technician  be  available  one- 
half  of  the  time  for  preventative  maintenance  on  the  terminals  and 
peripherals,  trouble  analysis  and  fault  isolation,  module  replacement, 
floppy  disk  reproduction,  and  general  upkeep. 

3.8  CBI  Courseware  Development 

The  approach  to  determine  the  personnel  configuration  required 
to  develop  courseware  for  each  CBI  system  candidate  consisted  of  the 
following  five  steps: 

a.  The  development  functions  and  general  types  of  personnel 
were  identified  and  possible  personnel  mixes  for  each  system  were 
extrapolated.  Paragraph  3.8.1  details  the  personnel  mixes. 

b.  A survey  of  military  users  involved  in  CBI  courseware 
development  was  conducted.  The  data  gathered  for  TICCIT/PLATO  users  was 
analyzed  in  light  of  the  TRIDENT  CBI  training  requirements  to  determine 
an  estimate  of  the  number  of  man-hours  required  to  develop  1 CBI  hour. 

This  process  is  described  in  detail  in  paragraph  3.8.2. 

c.  Once  an  estimate  of  the  number  of  man-hours  to  develop  1 
CBI  hour  was  derived,  the  media  support  requirements  for  each  candidate 
had  to  be  analyzed.  Paragraph  3.8.3  summarizes  the  impact  of  media 
support  on  courseware  development. 

d.  A proposed  CBI  courseware  development  schedule  was  created 

in  conjunction  with  the  TRIDENT  Curriculum  Development  Schedule  to  provide 
a timeframe  for  implementation.  The  assumptions  and  constraints  used  to 
derive  this  schedule  are  discussed  in  paragraph  3.8.4. 

e.  As  a final  step,  the  estimate  of  the  number  of  man-hours  to 
develop  1 CBI  hour  was  broken  down  by  the  appropriate  personnel  mix  for 
each  system  candidate  and  phased  over  the  CBI  courseware  development 
schedule.  This  process  and  the  resulting  personnel  configuration  for  each 
alternative  is  described  in  paragraph  3.8.5. 

3.8.1  CBI  Personnel  Mixes 


Certain  functions  are  essential  to  develop  CBI  courseware.  These 
functions  include: 

a.  A task  analysis  to  establish  the  hierarchy  of  learning  objec- 
tives to  be  met. 

b.  Determination  of  an  instructional  strategy  treatment. 
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c.  Accurate  instructional  content  to  support  the  learning 
obj ectives. 

d.  Translation  of  the  instructional  strategy  and  instructional 
content  into  the  computer  software  system. 

e.  Editing  of  the  lesson  material  for  technical  and  programming 
inaccuracies. 


f.  Production  of  instructional  media  materials  to  support  lesson 

material. 

g.  Formative  and  summative  evaluation  of  the  courseware  for 
instructional  effectiveness. 

The  personnel  required  to  accomplish  these  functions  are 
categorized  in  the  following  manner: 

a.  Instructional  Technologist  (IT)  performs  the  task  analysis, 
instructional  design,  and  evaluation  of  the  courseware. 

b.  Subject  Matter  Expert  (SME)  assists  in  the  instructional 
design  and  evaluation  of  the  courseware,  provides  the  instructional 
content,  and  edits  the  lesson  material  for  technical  accuracy. 

c.  Author  has  the  primary  responsibility  for  generating  the 
courseware. 

d.  Programmer  codes  and  enters  the  lesson  material  into  the 
computer  software  and  debugs  errors. 

e.  Media  Specialist  supervises  and/or  produces  the  required 
instructional  media  materials. 

These  personnel  categories  are  not  mutually  exclusive,  in  that 
one  Individual  can  perform  several  of  the  functions  and/or  several  in- 
dividuals can  perform  one  function.  To  a large  extent,  the  available 
manpower  and  personnel  resources  determine  the  mix  of  personnel  within 
these  categories.  For  example: 

a.  The  author,  SME,  and  programmer  can  be  one,  two  or  three 
individuals. 

b.  Several  authors  can  share  the  responsibility  for  developing 
one  lesson. 

c.  The  programmer  duties  can  be  divided  among  several  skill 
levels,  such  as  complex  programming,  off-line  preparation,  on-line 
coding,  clerical  data  entry,  etc. 
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Utilizing  these  personnel  categories  as  a baseline,  typical 
personnel  mixes  for  the  CBI  system  candidates  are  described  in  the 
following  paragraphs. 

3. 8. 1.1  Authoring  System 

Courseware  development  on  the  TICCIT  system  is  accomplished  by 
means  of  a prestructured  authoring  system  rather  than  a general-purpose 
authoring  language.  The  TICCIT  courseware  structure  provides  for  the 
separation  of  instructional  strategy  from  instructional  content  and,  as 
such,  a conventional  authoring  language  is  not  of  primary  importance. 

The  hierarchial  structure  focuses  on  a forms-oriented  system  that  allows 
for  an  efficient  division  of  labor  to  prepare  the  instructional  content 
and  provides  for  a convenient  flexible  method  to  enter  the  instructional 
content. 


The  authoring  system  concept  features  an  authoring  team  approach 
that  consists  of  three  major  elements: 

a.  Off-line  design  and  preparation  of  the  lesson  material 
is  handled  by  a senior  author/SME,  several  assistant  authors/SMEs,  and 
an  IT. 


b.  A quality  control  committee  consisting  of  an  SHE,  part-time 
Instructional  Psychologist,  and  media  specialist  reviews  and  edits  the 
lesson  material. 

c.  A packaging  group  converts  the  author  drafts  into  computer 
format  and  enters  the  lesson  material  on-line,  as  well  as  producing  and 
editing  the  digitized  graphics  to  support  the  lesson  material. 

Drawing  from  the  authoring  team  approach,  the  typical  personnel 
mix  for  TICCIT  courseware  development  centers  on  a core  of  authors/SMEs, 
one  or  two  ITs,  and  a programmer /packaging/data  entry  group.  Media  support 
is  discussed  in  paragraph  3.8.3. 

3. 8. 1.2  Authoring  Language 

Both  the  PLATO  system  and  the  CBTS  stand-alone  terminal  feature 
high-level  authoring  languages  for  courseware  development.  The  language 
utilized  by  each  system  was  designed  for  authors  with  no  prior  knowledge 
of  computers  so  that,  with  a minimal  amount  of  training  and  experience 
on-line  at  the  terminal,  the  author  can  produce  lesson  material.  Both 
TUTOR  and  the  CBTS  language  emphasize  powerful,  flexible  commands  that 
are  relatively  simple  for  the  author  to  use. 
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No  separation  of  instructional  strategy  from  instructional 
content  is  inherent  within  the  authoring  language  concept,  so  the  author 
becomes  the  central  figure  in  courseware  development.  For  efficiency’s 
sake,  the  author  is  usually  an  SME  trained  in  the  authoring  language 
rather  than  a programmer  that  has  become  familiar  with  the  subject  matter. 

Within  this  context,  two  approaches  to  courseware  development 
have  been  adopted;  one  focuses  on  the  ’’independent  author,”  while  the 
other  one  features  a ”quasi-team. ” In  the  traditional  unstructured 
environment,  the  individual  author  utilizes  his  ingenuity,  subject  matter 
expertise,  and  programming  experience  to  design  and  develop  lesson  material 
independently. 

In  the  quasi-team  approach,  the  author/SME  is  the  focal  point 
within  a group  of  specialized  personnel  that  contribute  to  the  develop- 
ment effort.  The  following  types  of  personnel  are  examples  of  team 
members  that  might  be  available: 

a.  IT  to  identify  the  learning  objectives  and  assist  in  the 
instructional  design,  as  well  as  review  and  evaluate  the  lesson  material. 

b.  Media  specialist  to  plan  for  the  use  of  audio  and  visual 
material  in  the  lesson. 

c.  Coders  to  assist  in  the  more  mechanized  programming  tasks. 

d.  Additional  SME  to  supplement  the  author/SME’ s knowledge 
about  the  instructional  content  and  to  edit  the  lesson  material  for 
technical  accuracy. 

As  a compromise  to  the  two  approaches  and  as  means  of  ensuring 
instructional  quality,  the  best  personnel  mix  for  both  PLATO  and  GETS 
courseware  development  seems  to  be  typified  by  a core  of  author/SME/ 
programmers  and  one  IT.  Media  support  is  discussed  in  paragraph  3.8.3. 

3.8.2  CBI  Courseware  Development  Man-Hours 

In  order  to  derive  an  estimate  of  the  number  of  man-hours  required 
to  develop  1 CBI  hour,  a survey  of  military  activities  currently  involved 
in  courseware  development  was  conducted.  Nonmilitary  educational  institu- 
tions, such  as  universities,  involved  in  CBI  courseware  development  were 
not  included  in  the  survey.  Literature  searches  revealed  estimates  of 
100  to  400  man-hours  per  hour  of  instruction  in  the  academic  setting. 
However,  it  was  felt  that  the  lesson  characteristics  were  not  comparable 
because  technical  training  provides  for  a specific  set  of  skills  and  a 
certain  level  of  proficiency,  while  much  of  education  provides  for 
generalized  mastery  and  concept  formulation. 
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3. 8. 2.1  Survey  of  Current  Military  Users 


There  were  several  problems  inherent  in  compiling  and  analyzing 
the  data  available  on  courseware  development.  A major  difficulty  was  to 
define  the  term  "CBI  hour."  For  the  purpose  of  this  study,  it  is  de- 
fined as  three  or  four  learning  objectives  that  an  average  student  would 
complete  in  1 hour  at  a CBI  terminal. 

Proceeding  from  this  baseline,  a definition  of  the  activities 
included  in  the  estimated  number  of  man-hours  was  required.  Media  support 
time  for  35mm  slides,  microfiche,  and  videotape  production  is  not  in- 
cluded in  any  of  the  development  estimates.  Also,  all  development 
estimates  assume  that  the  learning  objectives  were  previously  established, 
either  by  existing  lesson  material  or  by  a separate  task  analysis,  so  no 
man-hours  for  this  activity  are  Included. 

The  man-hour  estimates  obtained  include  design,  implementation, 
debug,  validation,  and  revision  of  CBI  lesson  material  with  the  excep- 
tion of  the  estimates  obtained  from  a CBI  project  at  Maxwell  Air  Force 
Base.  Maxwell  began  a study  in  April  1975  to  compare  PLATO,  TICCIT  and 
revised  conventional  instruction.  A task  analysis  of  the  two  pilot 
courses  established  the  learning  objectives  to  be  used  for  the  three 
instructional  methods,  and  on-line  courseware  development  for  TICCIT  and 
PLATO  started  in  June.  The  Maxwell  estimates  include  design,  implemen- 
tation, and  debug.  Validation  and  revision  will  not  begin  until  the 
pilot  courses  are  completed  next  summer. 

The  number  of  CBI  hours  developed  by  each  activity  was  also 
acquired  and  used  as  an  experience  level  indicator.  Estimates  of  the 
first  few  CBI  hours  developed  usually  include  such  factors  as  training 
time  for  authors,  organization  of  personnel  assignments,  and  unfamiliarity 
with  the  subject  matter.  As  the  number  of  CBI  hours  developed  increases, 
the  number  of  man-hours  for  development  decreases  due  to  greater  author- 
ing efficiency  and  better  personnel  organization.  The  number  of  man-hours 
per  CBI  hour  shown  in  Table  3-2  are  estimates  of  the  average  number  of 
man-hours  for  development  and,  as  such,  take  into  consideration  the 
experience  level  for  each  activity. 

The  estimates  in  Table  3-2  for  the  percent  of  terminal  contact 
time  required  to  develop  1 CBI  hour  were  best  guesses.  Many  factors, 
such  as  individual  preferences  for  programming,  complexity  of  lesson 
material,  availability  of  CBI  terminals,  and  programming  experience  also 
influence  this  figure.  Fifty  percent  terminal  contact  time  per  CBI  hour 
appears  to  be  the  average  estimate.  This  figure  is  used  in  the  calcula- 
tions in  paragraph  3.9.3. 
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Description,  operations,  1 Author /prograianer/SME 
and  functions  (no  computer  experience) 

Sonic  pen 
Dynamic  graphics 


Table  3-2  (Continued) 
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3. 8. 2. 2 Analysis  of  Survey  Data 


The  purpose  of  the  survey  on  courseware  development  was  to 
derive  an  estimate  of  man-hours  required  to  develop  1 TRIDENT  CBI  hour 
for  each  CBI  system  candidate.  Several  factors  had  to  be  considered: 

a.  The  characteristics  of  the  lesson,  especially  the  complexity 
of  the  materials,  had  to  be  compared  to  each  other  and  to  the  TRIDENT 
training  requirements  Identified  In  section  2 of  this  report  for 
similarities  and  discrepancies.  On  this  basis,  the  co-pilot  course 
developed  by  NPRDC  on  PLATO  is  not  Included  in  the  TRIDENT  estimate. 

The  equipment  simulation  is  more  complex,  and  the  instructional  strategy 
employed  to  develop  the  lesson  material  is  more  sophisticated  than  the 
other  users. 


b.  The  number  of  man-hours  per  CBI  hour  shown  in  Table  3-2 
for  each  activity  are  averages  that  take  into  account  the  number  of  CBI 
hours  developed  by  that  activity.  In  reviewing  the  estimates  for  PLATO 
and  TICCIT,  a range  of  145  to  284  man-hours  is  isolated  if  the  Maxwell 
estimates  are  not  included.  Since  the  Maxwell  study  is  still  in  the 
early  stages  and  a small  percentage  of  the  learning  objectives  have  been 
completed,  these  estimates  for  PLATO  and  TICCIT  are  not  representative 
and  they  are  not  included  for  the  TRIDENT  estimate. 

c.  An  analysis  of  the  differences  in  development  hours  between 
the  system  candidates  was  necessary.  Although  the  Maxwell  estimates 
are  not  included  for  the  reasons  stated  in  (b)  above,  an  interesting 
observation  was  made.  There  appears  to  be  no  difference  between  TICCIT 
and  PLATO  in  the  number  of  man-hours  required  to  develop  1 CBI  hour. 

Both  systems  were  installed  at  approximately  the  same  time,  both  systems 
are  utilizing  a quasi-team  approach,  and  both  systems  are  developing  the 
same  learning  objectives.  Although  the  systems  have  different  configura- 
tions, capabilities,  and  features,  the  development  efforts  are  the  same 
size. 


The  TICCIT  estimate  of  200  man-hours  from  NAS  North  Island 
compares  favorably  with  the  195  man-hour  estimate  that  resulted  from 
computing  the  average  of  the  PLATO  users  (specifically  Aberdeen,  Chanute, 
and  CMS) . 


Since  CBTS  is  a new  system  and  the  first  courseware  is  only  now 
being  implemented,  no  estimate  of  the  number  of  man-hours  to  develop  1 
CBI  hour  are  available.  It  is  assumed  that  the  estimate  for  CBTS  will 
be  no  more  than  PLATO  since  both  systems  utilize  a high-level  authoring 
language  and  require  a similar  personnel  mix  for  courseware  development. 


3-29 


3. 8. 2. 3 Estimate  for  TRIDENT  CBI  Development: 


The  analysis  of  the  survey  data  resulted  in  a figure  of  ap- 
proximately 200  man-hours  to  develop  1 CBI  hour  across  the  three 
system  candidates.  This  200-hour  estimate  includes  design  implementa- 
tion, debug,  validation,  and  revision  of  CBI  lesson  material,  but  it 
does  not  include  establishing  the  learning  objectives  and  formalizing  the 
instructional  strategy  to  be  used  to  support  the  learning  objectives. 

Learning  objectives  should  be  established  for  the  TRIDENT  CBI 
courseware  in  the  form  of  third-stage  Instructor  Guides.  However, 
formalizing  of  the  instructional  strategy  and  a further  refinement  of 
the  objectives  will  be  required.  Based  on  this  requirement,  additional 
analysis  will  be  necessary  regardless  of  the  CBI  system  selected.  An 
estimate  of  50  man-hours  per  CBI  hour  was  considered  reasonable.  There- 
fore, a little  over  1 man-week  is  allowed  for  three  or  four  training 
objectives.  This  figure  was  assumed  to  be  constant  across  the  three 
system  candidates,  although  the  instructional  strategy  to  be  used  and 
the  personnel  mix  required  to  accomplish  the  effort  will  vary. 

To  summarize,  the  estimate  for  TRIDENT  CBI  courseware  development 
consists  of  two  components:  (a)  50  man-hours  per  CBI  hour  for  analysis, 

and  (b)  200  man-hours  per  CBI  hour  for  courseware  development.  These 
components  are  costed  out  as  separate  elements  in  section  4,  but  the 
total  of  250  man-hours  per  CBI  hour  is  used  for  computation  of  personnel 
numbers  in  the  remainder  of  this  section. 

3.8.3  Media  Support 


The  media  support  requirements  of  each  CBI  system  were  investigated 
to  determine  any  impact  on  the  estimate  for  courseware  development.  As 
identified  in  the  training  analysis,  it  is  essential  to  simulate  the  tactical 
training  hardware.  Each  CBI  system  candidate  has  unique  media  support 
requirements  to  achieve  this  simulation  capability. 

3.8.3. 1 TICCIT  Requirements 

The  TICCIT  system  utilizes  digitized  graphics  and  videotape  as 
additional  media  beyond  computer-generated  text.  Both  media  were  deter- 
mined to  be  necessary  for  TICCIT  to  meet  TRIDENT  training  requirements. 

The  process  to  create  digitized  graphics  for  integration  into  the 
lesson  material  involves  three  steps: 

a.  An  illustrator  produces  the  graphics  off-line. 

b.  An  operator  enters  the  graphics  into  the  computer  system  by 
means  of  the  graphic  digitizer. 
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c.  The  programmer /packager /data  entry  personnel  edit  the 
graphics  stored  on  disk. 

The  estimate  of  250  man-hours  per  CBI  hour  was  considered  suf- 
ficient to  include  the  production  of  digitized  graphics.  The  develop- 
ment estimate  provided  by  the  TICCIT  user  at  NAS  North  Island  Included 
the  man-hours  required  to  digitize  and  edit  graphics,  but  it  did  not 
Include  the  off-line  illustrator  time.  It  has  been  assumed  that  no 
additional  personnel  will  be  required  since  an  illustrator  will  be 
available  at  TRITRAFAC  to  produce  the  CBI  graphics  off-line  as  required. 
However,  an  additional  10  man-hours  per  CBI  hour  was  included  in  the 
development  estimate  for  off-line  graphics  production.  The  cost  associated 
with  the  additional  hours  is  reflected  in  paragraph  4.3.2  of  section  4. 

An  average  of  5 minutes  of  videotape  per  CBI  hour  was  used  as 
an  estimate  for  the  TRIDENT  training  requirements.  Rather  than  determin- 
ing the  number  of  man-hours  required  to  support  videotape  production  and 
adding  that  figure  to  the  250  man-hours  per  CBI  hour  estimate,  a dollar 
figure  was  added  to  the  courseware  development  costs  for  the  TICCIT 
system.  Paragraph  4.3.2  in  section  4 provides  detailed  Information. 

3.6.3. 2 PLATO  Requirements 

The  media  support  features  for  PLATO,  beyond  computer-generated 
text,  include  computer-generated  graphics  and  microfiche  slides;  both  of 
which  are  needed  to  fulfill  requirements  for  the  TRIDENT  application. 

The  procedure  for  developing  computer-generated  graphics  is  considered 
to  be  an  integral  part  of  the  author/prograramer 's  task  and,  as  such,  is 
already  Included  in  the  250  man-hour  estimate. 

The  process  for  developing  microfiche  slides  involves  producing 
35ram  color  slides  of  the  desired  materials,  sequencing  the  slides,  and 
sending  them  to  CDC  to  be  converted  to  microfiche.  Since  a photographer 
will  be  available  at  TRITRAFAC,  it  has  been  assumed  that  no  additional 
personnel  will  be  required.  However,  an  estimated  5 man-hours  per  CBI 
hour  was  added  to  the  courseware  development  man-hours  for  producing  the 
35mm  color  slides.  Paragraph  4.4.2  of  section  4 reflects  the  costs  as- 
sociated with  the  additional  man-hours. 

An  estimate  of  one  microfiche  slide,  containing  up  to  256  Images 
for  each  CBI  hour,  was  considered  more  than  adequate  to  meet  the  train- 
ing requirements.  Since  the  microfiche  processing  will  be  done  off-site 
by  the  CBI  contractor,  it  was  determined  that  adding  a dollar  figure  for 
the  master  slide  and  the  required  number  of  copies  would  be  a more  reason- 
able approach  than  adding  man-hours  to  the  development  estimate.  Para- 
graph 4.4.2  of  section  4 details  the  additional  costs  per  CBI  hour  for 
microfiche  processing. 
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3. 8. 3. 3 GETS  Requirements 


The  GETS  stand-alone  terminal  utilizes  35mm  color  slides  and 
computer-generated  dynamic  graphics  for  media  support.  As  is  the  case 
with  PLATO,  dynamic  graphics  are  considered  to  be  an  integral  part  of 
the  au thor /programmer *s  task  and  no  additional  man-hours  are  required. 
However,  an  additional  5 man-hours  per  GEI  hour  for  the  production  of 
35mm  color  slides  is  included  in  the  courseware  development  costs  shown 
in  paragraph  4.5.2  of  section  4. 

3.8.4  GEI  Gourseware  Development  Schedule 

In  order  to  determine  the  personnel  configuration  for  GEI  course- 
ware development,  a timeframe  for  implementation  had  to  be  created  in 
conjunction  with  the  Instructor  Guide  (IG)  development  period.  IGs  are 
developed  in  five  stages.  The  activities  within  each  stage  include:  (a) 

scheduling  and  planning,  (b)  development  of  a sample  portion  of  curricula, 
(c)  development  of  the  balance  of  the  curricula,  (d)  conducting  the 
pilot  course,  and  (e)  finalizing  and  distributing  the  curricula. 

All  of  the  instructional  units  selected  in  section  2 to  be  put 
on  GEI  were  within  the  replacement  training  courses  for  fire  technicians 
and  missile  technicians.  The  latest  version  of  TAPS  (Training  Acquisi- 
tion Program  for  Software,  September  22,  1975)  available  at  the  time  of 
the  study  specified  the  curriculum  development  schedules  for  TRIDENT  I 
PTE  and  MT  replacement  training.  TAPS  provides  the  scheduled  start  and 
complete  dates  for  the  five  stages,  including  a sustaining  period  during 
third  stage  development  and  a period  for  instructor  personalization  prior 
to  the  start  of  the  pilot  course  in  the  fourth  stage.  These  IG  develop- 
ment schedules  were  analyzed  to  determine  GEI  development  schedules. 

It  is  recommended  that  GEI  courseware  development  be  phased  over 
a 3-year  period,  beginning  in  FY77  and  continuing  through  FY79.  This 
start-up  date  coincides  with  third  stage  development  of  the  IGs  and  this 
completion  date  parallels  fifth  stage  promulgation  of  the  IGs  as  indicated 
in  TAPS. 


It  is  suggested  that  a schedule  calling  for  a specific  number  of 
GEI  hours  to  be  completed  each  year  be  instituted  rather  than  phasing 
the  development  activities  for  all  of  the  GEI  hours  over  the  total  period. 
This  approach  offers  several  advantages.  For  one  thing,  when  the  develop- 
ment effort  begins,  the  specifications  and  procedures  for  GEI  courseware 
within  the  FBM  Training  System  will  not  be  finalized.  Developing  a small 
number  of  hours  in  the  first  year  provides  a means  to  verify  the  specifica- 
tions and  procedures  and  eliminate  any  problems  in  the  documentation.  It 
also  allows  for  a staged  build-up  of  personnel  and  provides  an  opportunity 
to  work  out  organizational  problems. 
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It  is  recommended  that  10  hours  be  completed  in  FY77  and  that 
the  remainder  of  the  hours  be  divided  over  FY78  and  FY79  for  completion. 
Figure  3-1  depicts  this  proposed  CBI  implementation  time  frame  in  rela- 
tion to  the  IG  development  schedule. 

3.8.5  Personnel  Configuration  Methodology 

The  method  to  project  the  personnel  configuration  for  each  CBI 
system  candidate  involved  several  steps.  First,  the  typical  personnel 
mix  for  each  alternative  was  identified  as  described  in  paragraph  3.8.1. 
In  order  to  relate  the  personnel  mix  to  the  development  estimate,  a per- 
centage of  effort  by  personnel  type  per  man-hour  was  required.  It  was 
assumed  that  the  same  personnel  mix  and  percentage  of  effort  applied  to 
the  50  man-hours  per  CBI  hour  for  analysis  and  the  200  man-hours  per  CBI 
hour  for  development.  Utilizing  the  proposed  CBI  implementation  schedule 
shown  in  Figure  3-1,  the  number  of  man-hours  and  man-years  per  fiscal 
year  was  computed.  Finally,  a breakdown  in  man-hours  and  man-years  by 
personnel  type  was  calculated  to  arrive  at  the  exact  personnel  require- 
ments. Figure  3-2  lists  the  assumptions  and  shows  the  formulas  used  to 
calculate  the  personnel  configuration  for  each  candidate. 

3.8.5. 1  TICCIT  Personnel  Requirements 


Courseware,  Inc.  supplied  the  recommended  personnel  mix  and 
number  of  man-hours  expended  by  personnel  types  based  on  previous 
military  development  efforts.  From  this  data,  a percentage  of  effort 
per  man-hour  by  personnel  type  was  derived  for  the  TRIDENT  personnel 
mix  identified  in  paragraph  3.8.1.  Table  3-3  presents  the  personnel 
types  and  percentage  of  effort,  as  well  as  specifying  the  personnel 
requirements  for  TICCIT  by  fiscal  year. 

3. 8.5. 2 PLATO  Personnel  Requirements 

Based  on  information  gathered  while  surveying  the  current 
military  users,  a percentage  of  effort  by  personnel  type  per  man-hour 
was  derived  for  the  personnel  mix  identified  for  PLATO.  Table  3-3 
shows  the  personnel  mix  and  percentage  of  effort,  as  well  as  specifying 
the  personnel  requirements  for  PLATO  by  fiscal  year. 

3. 8. 5. 3 CBTS  Personnel  Requirements 


Since  courseware  development  is  in  progress  and  no  data  is 
available  at  this  time,  it  has  been  assumed  that  the  personnel  mix 
and  the  percentage  of  effort  for  CBTS  would  be  the  same  as  for  PLATO. 
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IG  DEVELOPMENT  SCHEDULE 

Stage  Stage  Stage  Stage  Stage 

1 2 3 4 5 

J ] ] ] ] 1 

CY  75  CY  76  CY  77  CY  78  CY  79 


PROPOSED  CBI  SCHEDULE 


10  CBI  Hours 


Stages 

3,4,5 

J 1 


FY  77 


26.25  CBI  Hours 


Stages 

3,4,5 

J L 


FY  78 


28  CBI  Hours 


Stages 

3.4,5 

J 1 

FY  79 


Figure  3-1.  CBI  implementation  schedule 
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Assumptions; 


1.  250  man-hours  to  develop  one  CBI  hour 

2.  64.25  CBI  hours  phased  over  three  years: 

10.00  hours  in  FY  77 
26.25  hours  in  FY  78 

28.00  hours  in  FY  79 

3.  2080  man-hours  per  man-year 

4.  Personnel  mix  and  percentage  of  effort  per  personnel  type  unique 
to  CBI  candidate 

Calculations; 

1.  Same  formula  repeated  for  each  fiscal  year: 

No.  of  man-years/1  CBI  hour  x No.  of  CBI  hours/FY  = 

No.  of  man-hours/FY  x 1 man-year/No.  of  man-hours  = 

No.  of  man-year s/FY 

2.  Same  formula  repeated  for  each  personnel  type: 

% X No.  of  man-hours/1  CBI  hour  x No.  of  CBI  hours/FY  “ 

No.  of  man-hours/FY  x 1 man-year/No.  of  man-hours  = 

No.  of  man-year s/FY 

Figure  3-2.  Methodology  for  personnel  configuration 
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CBI  Courseware  Development  Personnel  Requirements 
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3. 8. 5. 4 Summary 


The  effort  required  to  develop  the  64.25  CBI  hours,  regardless 
of  the  CBI  system  candidate,  is  estimated  to  be  7.73  man-years  spread 
over  a 3-year  period  beginning  in  FY77.  The  personnel  mix  required  to 
develop  the  courseware  and  the  media  materials  required  to  support  the 
courseware  are  a function  of  the  CBI  system  alternative. 

3.9  CBI  Courseware  Maintenance 


CBI  courseware  maintenance  consists  of  two  elements:  (a)  main- 

taining the  accuracy  and  currency  of  the  instructional  content,  and  (b) 
correcting  any  instructional  deficiencies  identified  through  continuous 
student  usage.  In  order  to  determine  the  personnel  required  to  support 
courseware  during  the  projected  life-cycle  of  TRIDENT,  both  elements  had 
to  be  analyzed. 

Paragraph  3.9.1  discusses  several  approaches  attempted  to 
determine  the  maintenance  effort.  Paragraph  3.9.2  describes  the  final 
methodology  utilized  to  determine  the  maintenance  effort.  Paragraph 
3.9.3  then  presents  the  maintenance  personnel  requirements  for  each 
system  candidate. 

3.9.1  Analysis  of  Maintenance  Effort 

Several  steps  were  taken  in  an  attempt  to  determine  the  level 
of  effort  required  to  keep  the  CBI  instructional  content  current.  A 
thorough  review  of  the  SSBN  Training  Materials  Support  Program  was 
conducted.  Paragraph  3.11.4  provides  a brief  overview  of  this  feedback 
system.  The  procedures  established  to  keep  the  curriculum  current  are 
well-defined  but  there  is  no  way  to  monitor  the  associated  level  of 
effort  required  to  keep  the  IGs  up-to-date  with  changing  hardware /soft- 
ware, operating  techniques,  and  training  requirements.  Since  many  of 
the  specifications  for  the  TRIDENT  tactical  equipment  and/or  stimulators/ 
simulators  used  for  training  are  in  a state  of  flux,  it  is  difficult  to 
anticipate  the  magnitude  of  the  changes.  For  example,  changes  in  opera- 
tional sequence,  placement  of  buttons  on  a console,  and  maintenance  theory 
will  each  impact  the  curriculum. 

However,  an  analysis  of  training  activity  Trouble  and  Failure 
Reports  (TFRs)  submitted  in  FY75  for  POSEIDON  curriculum  was  undertaken 
as  a means  to  estimate  the  magnitude  of  the  changes  for  TRIDENT  CBI. 
Information  was  incomplete  for  this  purpose  and  no  method  was  found  to 
obtain  further  data.  For  example,  the  man-hours  required  to  identify 
and  complete  changes  were  not  available  in  the  history  of  change  documen- 
tation. Also,  the  changes  were  identified  by  NAVTECHTRA  course  number 
so  any  breakdown  to  determine  the  impact  on  the  specific  instructional 
units  selected  for  CBI  was  not  feasible. 
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Finding  insufficient  information  on  the  anticipated  level  of 
effort  required  to  keep  the  instructional  content  current,  a different 
approach  was  taken.  In  the  process  of  surveying  the  military  activities 
currently  involved  in  CBI  courseware  development,  data  on  support  require- 
ments for  completed  CBI  hours  was  sought.  Again,  little  or  no  information 
was  available.  Such  historic  data  is  seldom  kept  by  CBI  user  activities. 
The  estimates  given  by  TICCIT  and  PLATO  users  included  the  man-hours 
expended  in  the  validation  and  revision  cycle,  but  there  was  no  break- 
down on  the  man-hours  required  to  keep  the  instructional  content  current 
and  correct  any  instructional  deficiencies  identified  once  this  cycle 
was  completed. 

/ 

3.9.2  Determination  of  Maintenance  Effort 


With  no  baseline  data  available,  the  analysis  team,  based  on  CBI 
knowledge  and  experience,  made  several  assumptions  to  determine  the  support 
effort.  Reasonable  estimates  of  the  number  of  man-hours  required  to 
support  TRIDENT  CBI  courseware  were  defined  in  the  following  manner  and 
checked  with  additional  CBI  courseware  personnel: 

a.  High  Maintenance  - One  major  change  per  CBI  hour  per  year 
which  takes  20  hours  of  terminal  contact  time  will  be  required.  In 
addition,  high  maintenance  includes  four  minor  changes  per  CBI  hour  per 
year  which  takes  5 hours  of  terminal  contact  time  each.  High  maintenance 
is  associated  with  the  first  few  years  after  implementation. 

b.  Low  Maintenance  - Four  minor  changes  per  CBI  hour  per  year 
which  takes  5 hours  of  terminal  contact  time  each  will  be  required.  Low 
maintenance  follows  high  maintenance  through  the  life  of  the  CBI  curriculum. 

These  two  levels  of  maintenance  were  phased  over  the  courseware 
life-cycle  with  the  proposed  CBI  implementation  schedule  identified  in 
paragraph  3.8.4.  It  is  anticipated  that  the  number  of  changes  required 
to  keep  the  instructional  content  current  and  to  correct  any  instructional 
deficiencies  will  be  greater  in  the  period  immediately  following  develop- 
ment and  prior  to  steady-state  training.  This  period  corresponds  to  the 
high  maintenance  effort.  Figure  3-3  illustrates  the  anticipated  life-cycle 
maintenance  effort  for  each  fiscal  year. 

3.9.3  Maintenance  Personnel  Requirements 

Figure  3-3  was  used  as  a baseline  to  determine  the  personnel 
required  to  maintain  CBI  courseware.  The  following  assumptions  were  made 
in  projecting  the  personnel  configuration  for  each  CBI  system  alternative: 

a.  The  same  personnel  mix  and  percentage  of  effort  shown  for 
courseware  development  in  Table  3-3  apply  to  courseware  maintenance. 
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b.  The  percentage  of  terminal  contact  time  for  each  system 
was  based  on  the  survey  of  current  military  users — 50%  for  TICCIT, 
PLATO,  and  GETS. 

c.  The  same  formula  was  used  for  each  CBI  system  candidate 
and  for  each  fiscal  year.  For  a low  maintenance  period,  the  formula 
below  was  utilized.  High  maintenance  is  twice  this  low  maintenance 
formula. 


No.  of  man-hours  of  terminal  contact  time/1  CBI  hour  % 

terminal  contact  time  = No.  of  man-hours/CBI  hour  x No.  of 

CBI  hours/FY  = No.  of  man-hour s/FY. 

d.  The  same  formula  indicated  in  Figure  3-2  was  used  for  each 
personnel  type. 

e.  The  media  support  requirements  were  considered  negligible. 

Table  3-4  summarizes  the  maintenance  personnel  requirements 
for  each  candidate  by  fiscal  year  in  the  same  format  utilized  in  Table  3-3 
to  summarize  the  development  personnel  requirements. 

3.9.4  Summary 

The  maintenance  effort  projected  over  the  life-cycle  of  CBI 
courseware  requires  a stepped  personnel  build-up  that  peaks  in  2.47 
man-years  of  effort  per  year  for  FY80  and  FY81.  This  coincides  with  the 
completion  of  all  64.25  CBI  hours  as  shown  in  the  proposed  implementation 
schedule.  The  support  effort  is  anticipated  to  reduce  significantly  in 
FY82  through  FY85  since  changes  in  equipment,  operating  procedures,  and 
maintenance  techniques  should  be  at  a minimum  and  any  instructional 
deficiencies  should  be  corrected  by  this  time.  An  estimate  of  1.24 
man-years  of  effort  per  year  is  projected  for  these  4 years. 

3.10  FBM  Training  System  Documentation 

The  necessary  information  and  planning  techniques  required  to 
acquire  an  FBM  Training  System  are  provided  in  NAVORD  OD  45260  prepared 
by  the  Strategic  System  Project  Office.  Within  the  general  framework  of 
the  SSPO  policy  statements  contained  in  this  document,  a set  of  procedural 
documents  that  define  the  tasks  and  identify  the  roles  and  responsibilities 
necessary  to  establish  and  maintain  an  FBM  Training  System  have  been 
promulgated  for  use  by  contractors.  Figure  3-4  lists  these  documents  and 
shows  their  interrelationships. 
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Figure  3-4.  FBM  Training  System  Documentation  prepared  by 
, Strategic  Systems  Projects  Office  (NAV08D) 
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Modifications  to  the  documents  specifying  the  requirements 
and  procedures  for  development,  production,  and  support  of  an  FBM 
Training  System  are  not  required  for  the  purpose  of  CBI  implementation. 

Only  the  documents  that  address  development  and  support  of  training 
materials  for  an  FBM  Training  System  are  relevant.  These  documents  are 
identified  by  asterisks  in  Figure  3-4  and  discussed  in  detail  in  para- 
graph 3.11. 

3.11  SSBN  Weapon  System  Training  Materials  Program 

NAVORD  OD  45240  defines  the  required  procedures,  responsibilities, 
and  task  sequences  for  development,  validation,  verification,  production, 
and  support  of  SSBN  Weapon  System  Materials.  The  following  paragraphs 
describe  the  Training  Program  participants,  organization,  and  elements. 

3.11.1  Program  Participants 

Certain  activities  and  agencies  perform  vital  roles  in  the  develop- 
ment and  support  of  training  materials.  A definition  of  the  generic  terms 
used  to  refer  to  the  participants  is  provided  below; 

TA  The  Training  Agency  is  an  office,  bureau,  command,  or  head- 
quarters exercising  command  of  and  providing  support  to  some 
major  increment  of  the  Navy's  formalized  training  effort. 

TSA  The  Training  Support  Agency  is  an  office,  bureau,  command,  or 
headquarters  responsible  for  supporting  the  training  agencies 
by  providing  material  and  other  forms  of  support  within  the 
cognizance  of  the  office,  bureau,  or  command  Involved. 

TF  The  Training  Facility  is  a U.S.  Navy  Installation  where 
formal  training  is  conducted. 

PPG  The  Personnel  Program  Coordinator  is  an  organization  responsible 
for  planning,  designing,  and  providing  a fully  operational 
personnel  subsystem  under  the  direction  of  the  TSA.  The  PPC 
provides  coordination  and  review  of  training  material  develop- 
ment and  support  as  directed  by  the  TSA. 

MPA  The  Materials  Preparing  Activity  is  an  organization,  either  a 
contractor  or  a Navy  activity,  that  develops,  revises,  and/or 
produces  training  materials  as  directed  by  the  TSA  or  TA. 

MSA  The  Materials  Support  Activity  is  an  organization,  either  a 
contractor  or  a Navy  activity,  responsible  for  training 
materials  surveillance  as  directed  by  the  TSA  or  TA. 
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MCA  The  Materials  Change  Activity  is  an  organization,  either 
a contractor  or  a Navy  activity,  that  develops  changes  to 
training  materials  as  directed  by  the  TSA  or  TA. 

3, 11. 2 Program  Organization 


The  TSA  is  responsible  for  implementation  of  the  training  pro- 
gram and  ensures  that  interface  among  the  program  participants  is 
established  and  maintained.  The  TA  is  the  final  approval  authority  of 
materials  developed  for  use  in  the  formal  training  environment,  while  the 
TSA  is  the  final  approval  authority  for  materials  not  used  directly  in 
the  formal  school  environment.  The  assignment  of  the  MPA,  MSA,  and  MCA 
functions  to  either  contractors  or  Navy  activities  is  coordinated  by 
the  TA  and  TSA.  The  TA  directs  these  functions  if  they  are  assigned 
to  Navy  activities,  while  the  TSA  directs  them  if  they  are  assigned  to 
contractors.  The  PPC  performs  the  coordination  function  as  directed  by 
the  TSA  and  with  approval  of  the  TA  as  required.  Figure  3-5  depicts  the 
organizational  interfaces. 

3.11.3  Training  Materials 

The  SSBN  Weapon  System  training  materials  include  management 
materials,  curriculum  materials,  and  instructional  media  materials. 

They  do  not  include  the  tactical  hardware  or  simulator/stimulator  hard- 
ware used  in  training. 

3.11.3.1  Management  Materials 

Management  materials  define  the  training  requirements  and  provide 
an  overall  plan  for  accomplishing  these  requirements.  These  materials 
include  NAVORD  OD  45240,  OD  45519,  OD  45953,  and  OD  43180.  These  documents 
are  developed  and  supported  by  the  PPC,  under  the  direction  of  the  TSA, 
reviewed  by  the  program  participants,  and  approved  by  the  TSA. 

a.  SSBN  Weapon  System  Training  Materials  Management  Plan 

OD  45240  consists  of  two  volumes:  (1)  Producers,  and  (2) 

Schedules.  This  document  defines  the  tasks  required  to  develop  and  sup- 
port training  materials,  identifies  the  sequence  of  task  performances, 
establishes  task  performance  responsibilities,  and  identifies  status  and 
development  schedules  for  planning,  developing,  and  supporting  training 
materials. 


b.  SSBN  Weapon  System  Training  liaterial  Development  and 
Production  Specifications 


OD  45519  consists  of  three  volumes:  (1)  Introduction  and 

Management  Materials,  (2)  Curriculum  Materials,  and  (3)  Instructional 
Media  Materials.  This  document  is  the  governing  specification  on  all 
training  material  acquired  for  the  formal  school  environment  and  the 
informal  training  environment. 
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Figure  3-5.  SSBN  Weapon  System  Training  Material  Program  Organization 
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c.  FBM  Weapon  System  Personnel  and  Training  Evaluation 
Program  (PTEP) 


OD  45953  provides  a general  description  of  PTEP  and  its 
relationship  to  other  elements  in  the  training  program,  detailed 
descriptions  of  the  testing  component  and  the  evaluation  component  of 
PTEP,  and  a detailed  description  of  the  use  of  electronic  data  proces- 
sing in  support  of  PTEP. 

d.  FBM  Weapon  System  Personnel  Performance  Profiles  (PPP) 
and  Training  Path  System  (TPS) 

OD  43180  consists  of  the  PPP  and  TPS  volumes.  The  PPP  tables 
are  minimum  requirements  lists  of  the  knowledge  and  skills  required  to 
effectively  operate  and  maintain  a system,  subsystem,  or  equipment.  The 
PPP  tables  are  used  as  a basis  for  determining  training  requirements, 
developing  learning  objectives  in  curriculum  materials  and  instructional 
media  materials,  and  developing  personnel  evaluation  instruments  for  use 
in  PTEP. 


The  TPS  relates  particular  knowledge  and  skill  items  from  the 
PPP  tables  to  specific  categories  of  Navy  personnel  in  a logical  order  and 
to  a defined  level  of  knowledge  and  skill.  The  TPS  consists  of  three 
elements:  (1)  Training  Objective  Standards  (TOS),  (2)  Training  Path 

Charts  (TPC) , and  (3)  Training  Level  Assignment  (TLA).  The  TPS  is  used 
as  a basis  for  determining  training  requirements,  developing  learning 
objectives  in  curriculum  materials  and  instructional  media  materials, 
and  developing  personnel  evaluation  instruments  for  use  in  PTEP. 

TPS  development  is  initiated  Immediately  after  the  PPP  tables 
are  produced  and  distributed  and  must  be  completed  before  curriculum  develop- 
ment begins. 

3.11.3.2  Curriculum  Materials 


Curriculum  materials  constitute  a detailed  plan  for  the  pre- 
sentation of  Information  and  practice  of  skills  in  the  formal  training 
environment  as  specified  by  the  management  materials.  A curriculum  con- 
sists of  an  Instructor  Guide  (IG)  and  a combination  of  instruction  sheets 
and  instructional  media  materials.  The  IG  is  the  primary  element  of  every 
curriculum;  it  establishes  the  detailed  course  learning  objectives, 
sequences  the  presentation  of  information,  and  programs  the  use  of  all 
other  curriculum  elements. 

The  TA  and  TSA  coordinate  the  assignment  of  the  MPA/MSA  for  cur- 
riculum development.  The  MPA  prepares  the  IGs,  the  instruction  sheets, 
the  supporting  instructional  media  materials,  and  test  item  drafts  for 
PTEP.  The  PPG  conducts  timely  in-process  reviews  of  the  curriculum 
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materials  to  ensure  that  they  are  prepared  in  accordance  with  the 
requirements  and  specifications  found  in  OD  43180  and  OD  45519.  TF 
instructors,  with  the  support  of  the  TA  and  MPA  (if  required),  verify 
the  curriculum  package  by  conducting  pilot  courses  using  the  preliminary 
materials.  Verified  curriculum  materials  consist  of  the  preliminary 
package  with  the  recommended  changes  incorporated.  Final  curriculum 
materials  consist  of  the  verified  curriculum  package  approved  by  the  TA. 
The  PPG  publishes  and  distributes  the  promulgated  curriculum  materials 
as  directed  by  the  TSA. 

3.11.3.3  Instructional  Media  Materials 


Instructional  media  materials  aid  in  the  presentation  of  informa- 
tion and  the  practice  of  skills  in  both  the  formal  and  the  informal  train- 
ing environments.  These  materials  include  Self-Study  Workbooks,  slides. 
Lecture  Guides,  programmed  super  8mm  presentations.  Administrator  Guides, 
overhead  transparencies,  or  any  combination  of  the  above. 

The  TA  and  TSA  coordinate  the  assignment  of  the  MPA/MSA.  For  the 
most  part,  instructional  media  materials  are  developed  by  contractor  MPAs. 
The  PPG  performs  the  coordination  and  review  function  to  ensure  that  the 
materials  are  prepared  in  accordance  with  the  appropriate  volumes  of 
OD  43180  and  OD  45519.  Goncurrent  approval  by  the  TA  and  TSA  is  required 
for  materials  used  in  the  formal  school  environment. 

The  development  procedure  for  instructional  media  materials  used  in 
the  formal  school  environment  is  initiated  any  time  after  the  completion  of 
third  stage  curriculxim  materials  development.  Since  most  of  these  materials 
are  changed  by  revision  only,  the  change  procedure  is  identical  to  the  four 
stages  identified  in  the  development  procedure. 

3.11.4  Training  Materials  Support 

The  Training  Materials  Support  Program  provides  an  effective  means 
of  changing  training  materials  to  correct  deficiencies  and  errors  and  to 
keep  them  current  with  changing  training  requirements  and  equipment/ 
documentation  alterations.  The  program  supports  management  materials, 
curriculum  materials,  and  instructional  media  materials.  The  two  primary 
functions  are  surveillance  and  changes/revisions. 

The  TSA  and  TA  coordinate  the  assignment  of  the  MPA,  MSA,  and 
MGA.  The  MSA  is  responsible  for  the  surveillance  of  the  materials.  The 
MPA  and  MGA  are  responsible  for  minor  changes  and  revisions.  The  MPA  is 
responsible  for  major  changes  and  revisions,  particularly  those  that 
require  verification  in  a pilot  course.  The  MPA,  MSA,  and  MGA  may  be 
the  same  or  different  organizations.  The  TSA  directs  contractor  MPAs, 

MSAs,  and  MGAs.  The  TA,  in  coordination  with  the  TSA,  directs  Navy 
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activity  MPAs,  MSAs,  and  MCAs.  The  PPG  reviews  all  recommendations  for 
changes/revisions  and  provides  comments  and  recommendations  to  the  TSA. 
The  TA  approves  changes/revisions  to  curriculum  materials  and  instruc- 
tional media  materials  used  in  the  formal  school  environment. 

3.11.4.1  Surveillance 


Surveillance  is  a training  materials  feedback  system  designed 
to  keep  the  training  program  accurate  and  current  in  an  environment  of 
changing  hardware,  operating  techniques,  and  training  requirements. 
Surveillance  involves  monitoring  hardware  and  documentation  changes  for 
impact  on  the  training  materials  and  allows  changes  to  be  made  to  the 
training  materials  at  the  same  time  or  prior  to  the  hardware/documenta- 
tion changes.  The  MSA  continuously  reviews  the  following  sources:  (a) 

new  documentation  added  to  the  program;  (b)  changes  and  revisions  to 
documentation  listed  in  the  DRL  O)ocumentation  Requirements  List)  that 
result  from  SPALTs  (Strategic  System  Project  Alternations),  SHIPALTs 
CShip  Alterations),  TERs  (Trouble  and  Failure  Reports),  TMCRs  (Training 
Materials  Change  Recommendations),  software  changes,  etc.;  and  (c) 
changes  and  revisions  to  official  documentation  promulgated  by  Navy 
commands  and  agencies  and  new  training  requirements. 

Surveillance  results  in  recommendations  for  changes  or  revisions 
to  the  training  materials.  TFRs  are  submitted  by  training  material  users, 
such  as  TFs  and  fleet  activities,  and  TMCRs  are  submitted  by  activities 
other  than  training  material  users,  such  as  contractors  and  the  TSA,  to 
indicate  deficiencies  and  make  recommendations.  The  TA/TSA  review  the 
TFRs/TMCRs  and  either  approve,  approve  with  exceptions,  disapprove,  or 
defer  approval  on  the  recommended  changes. 

3.11.4.2  Changes/Revisions 

The  change/revision  process  corrects  the  deficiencies  identified 
during  surveillance.  Changes  and  revisions  to  management  materials  and 
curriculum  materials  are  developed  after  these  materials  are  promulgated. 
Changes  and  revisions  to  instructional  media  materials  are  developed  after 
these  materials  are  distributed  for  use  in  the  formal  school  environment. 
All  changes  and  revisions  are  reviewed  by  the  PPC  to  ensure  that  the 
material  is  prepared  in  accordance  with  the  specifications  in  OD  45519. 

3.12  CBI  Courseware  Development 

After  a thorough  review  of  the  procedures  outlined  in  OD  45240 
for  training  materials  development  and  support,  it  was  determined  that 
the  procedures  for  CBI  courseware  development  should  be  included  within 
the  procedures  for  curriculum  materials  development  rather  than  the  pro- 
cedures for  instructional  media  materials  development.  The  activities 
and  functions  identified  in  the  five  stages  for  IG  development  parallel 
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the  activities  and  functions  necessary  to  develop  CBI  courseware.  The 
procedures  in  the  four  stages  for  instructional  media  materials  for  the 
formal  environment  were  not  comprehensive  enough  to  Include  CBI  course- 
ware. 


Paragraph  3.12.1  discusses  the  activities  and  documentation 
required  prior  to  the  start  of  courseware  development.  Paragraph  3.12.2 
describes  the  stages  for  CBI  development  within  the  context  of  the  stages 
for  IG  development.  Paragraph  3.12.3  outlines  the  specific  roles  and 
procedures  for  CBI  courseware  development. 

3.12.1  Development  Prerequisites 

It  is  recommended  that  the  procedure  for  selecting  instructional 
units  to  be  put  on  CBI  be  separated  from  the  procedures  for  curriculum 
materials  development.  The  method  for  SWS  CBI  Curriculum  Selection 
described  in  section  2 of  this  report  or  an  alternate  selection  method- 
ology can  be  implemented  to  serve  this  function  in  the  future. 

By  placing  this  procedure  outside  the  realm  of  materials  develop- 
ment, all  aspects  of  the  curriculum  will  be  considered  as  potential 
candidates  for  CBI.  The  instructional  units  can  be  selected  from  the  IG 
curricula,  like  the  64.25  CBI  hours  identified  in  section  2,  or  they  can 
be  new  units  earmarked  for  CBI  development  only. 

In  either  case,  certain  documentation  requirements  must  be  met 
prior  to  the  start  of  courseware  development.  Technical  documentation 
in  the  form  of  equipment  specifications,  operating  procedures,  casualty 
procedures,  standard  maintenance  procedures,  etc.,  and  OD  43180  contain- 
ing the  PPP/TPS  must  be  available.  If  the  instructional  units  are 
selected  from  the  IG  curricula,  additional  documentation  in  the  form  of 
third,  fourth,  or  fifth  stage  IGs  should  also  be  available.  The  develop- 
ment schedule  for  the  initial  64.25  CBI  hours,  as  Indicated  in  Figure  3-1, 
coincides  with  third  stage  IG  development  so  this  documentation  should 
be  input  to  the  courseware  development  effort. 

3.12.2  Development  Stages 

To  Identify  the  stages  for  CBI  courseware  development,  the 
activities  within  each  stage  of  IG  development  were  analyzed.  Stage  1 
encompasses  the  initial  planning  and  scheduling  and  the  preparation  and 
review  of  Stage  1 deliverables.  It  is  recommended  that  the  initial  plan- 
ning and  assignment  of  roles  for  CBI  courseware  development  be  accomplished 
outside  the  procedures  for  curriculum  development.  Paragraph  3.12.3 
discusses  the  roles  and  procedures  for  CBI  implementation  in  detail. 
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Stage  1 deliverables  for  IGs  include;  (a)  Curriculum  Devleop- 
ment  Schedule,  (b)  Course  Learning  Objectives,  (c)  Manuscript  Outline, 

(d)  Section  Learning  Objectives  and  Topic  Training  Goals,  (e)  Pre- 
liminary OAC  (Profile  Item-To- Topic  Objective  Assignment  Chart),  and  (f) 
Material  Requirements  List.  All  of  the  deliverables,  except  two,  are 
specific  to  the  IG  format.  The  CBI  lesson  material  will  require  a Cur- 
riculum Development  Schedule  and  a Materials  Requirement  List,  but  these 
can  be  incorporated  into  the  deliverables  for  Stage  3. 

Stage  2 consists  of  preparing  a representative  portion  of  the 
IG  for  review  and  approval.  The  proposed  CBI  implementation  schedule 
shown  in  Figure  3-1  suggests  a phased  development  effort.  By  following 
this  strategy,  the  10  CBI  hours  scheduled  for  FY77  will  serve  as  a 
representative  sample. 

Stage  3 Involves  preparing  the  IG  and  supporting  materials  for 
use  in  the  pilot  course  and  drafting  test  items  for  PTEP.  IGs  rely  upon 
instructor  personalization  after  design  and  development  and  prior  to  the 
pilot  course  to  identify  discussion  points  and  provide  detail,  whereas 
CBI  lesson  material  requires  a detailed  hierarchy  of  learning  objectives 
and  an  Instructional  strategy  format  prior  to  the  development  effort. 

As  discussed  in  paragraph  3. 8.2.3,  the  estimate  for  the  number  of  man-hours 
required  to  develop  one  TRIDENT  CBI  hour  was  divided  into  two  components: 

50  hours  for  the  analysis  and  refinement  of  learning  objectives  and  200 
hours  for  the  design,  implementation,  debug,  validation,  and  revision. 

Stage  3 activities  for  CBI  will  encompass  the  analysis,  design,  implemen- 
talon,  and  debug  of  lesson  material.  A CBI  Curriculum  Development 
Schedule  and  Material  Requirements  List  should  be  delivered  at  the  begin- 
ning of  Stage  3 for  review  and  approval.  The  deliverables  at  the  end  of 
Stage  3 should  include  the  CBI  courseware  (on-line  textual  material, 
supporting  instructional  media  material,  internal  test  items,  and  student 
response  trails)  and  test  item  drafts  for  PTEP. 

Stage  4 activities  for  IG  development  include  a period  for  instruc- 
tor personalization  and  conducting  and  reviewing  the  pilot  course.  Stage 
4 for  CBI  will  Include  pilot  testing  to  validate  the  courseware.  No  in- 
structor personalization  is  required. 

Stage  5 is  defined  as  the  finalization  period  for  IGs.  Approved 
pilot  course  changes  are  incorporated  and  the  curriculum  materials  are 
approved  and  disseminated.  The  finalization  period  for  CBI  will  Include 
incorporation  of  the  revisions  indicated  during  the  validation  process , 
review  and  approval,  and  dissemination  procedures. 

Based  on  this  analysis,  it  is  recommended  that  a separate  flow 
for  CBI  development  be  established  from  Stage  3 through  Stage  5.  Figure 
3-6  summarizes  the  suggested  CBI  development  stages  in  relationship  to 
the  IG  development  stages. 
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Figure  3-6.  Stages  for  curriculum  materials  development 


3-51 


3.12.3  Development  Roles  and  Procedures 


Figure  3-7  shows  the  roles  and  procedures  within  the  five 
stages  of  curriculum  materials  development.  Paragraph  3.11.1  provides 
a definition  of  the  roles  shown  to  the  left  of  the  diagram.  In  order 
to  implement  CBI,  some  of  the  procedures  to  be  accomplished  by  each  role 
must  be  added,  deleted,  or  modified.  The  following  paragraphs  identify 
organizations  to  perform  the  roles  and  describe  the  procedures  for  each 
role. 


a.  Training  Agency/Training  Support  Agency 

The  primary  functions  of  the  TA/TSA  are  to  provide  direction, 
coordination,  and  approval  authority  for  the  SSBN  Weapon  System  Training 
Materials  Program.  The  TA  is  the  Chief  of  Naval  Technical  Training  (CNTT) 
and  the  TSA  is  SP-15.  The  TA/TSA  will  be  responsible  for  selecting  and 
prioritizing  the  instructional  units  to  be  put  on  CBI  as  well  as  directing 
and  coordinating  the  implementation  effort. 

b.  Training  Facility 

The  TF  for  CBI  is  TRITRAFAC.  TF  personnel  will  be  responsible 
for  requisitioning  any  materials  on  the  Material  Requirements  List,  review- 
ing the  CBI  courseware  during  Stage  3 development,  conducting  the  pilot 
tests,  and  teaching/monitoring  the  finalized  CBI  lesson  material. 

c.  Personnel  Program  Coordinator 


The  PPC  for  the  SSBN  Weapon  System  Training  Materials  Program 
is  Data  Design  Laboratories  (DDL) . The  primary  function  of  the  PPC  is  to 
monitor,  review,  and  distribute  curriculum  materials  in  accordance  with 
the  specifications  in  OD  45519.  To  provide  quality  assurance  and  proper 
distribution  of  CBI  courseware,  lesson  material  specifications  and  control 
procedures  will  have  to  be  established.  Potential  CBI  areas  to  be  monitored 
by  the  PPC  include: 

(1)  Reproduction  and  distribution  of  the  lesson  material  to 
the  terminals. 

(2)  Front  matter  format  and  security  classification. 

(3)  Method  of  identifying  CBI  courseware  internally  and 

externally. 

(4)  Method  of  indicating  changes  and  revisions  to  reflect 
the  current  status  of  the  courseware. 
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(5)  Hard  copy  documentation  requirements. 

(6)  Record  of  man-hours  expended  in  CBI  courseware  develop- 
ment and  maintenance. 

d.  Materials  Preparing  Activity 

The  MPA  will  be  responsible  for  CBI  courseware  development. 
Tasks  to  be  performed  during  the  development  effort  include: 

(1)  Analysis  of  the  technical  documentation  and  IGs,  if  avail- 
able, to  establish  the  hierarchy  of  learning  objectives  and  determine  the 
instructional  strategy. 

(2)  Lesson  material  design — including  such  things  as  simula- 
tion techniques  to  be  used,  associated  media  material  requirements,  and 
internal  test  items. 

(3)  Implementation — including  off-line  preparation  and  coding, 
on-line  data  entry,  debugging  for  programming  errors,  editing  for  technical 
accuracy,  associated  media  material  production  on-site  or  by  contractor, 
and  PTEP  test  item  drafts. 

(4)  Formative  and  summative  validation  of  lesson  material, 
analysis  of  student  response  data,  monitoring  pilot  tests,  and  revising 
the  lesson  material  accordingly. 

Based  on  the  proposed  implementation  schedule  shown  in 
Figure  3-1,  it  is  suggested  that  the  MPA  for  the  initial  development  effort 
be  one  of  the  Training  Hardware  Contractors  (THC)  with  subject  matter 
expertise  and  experience  in  developing  IGs.  After  the  first  few  CBI  hours 
are  completed  and  the  specifications  and  roles  and  procedures  for  CBI 
development  are  finalized,  it  is  suggested  that  Navy  personnel  be  given 
MPA  responsibility.  Activities  under  the  Chief  of  Naval  Education  and 
Training  (CNET) , if  given  this  task,  could  make  a substantial  cost  savings 
over  contractor  efforts.  In  addition,  the  Navy  would  benefit  from  the 
experience  of  participating  personnel.  Navy  wide. 

e.  Materials  Support  Activity 

The  MSA  conducts  the  surveillance  activity  described  in 
paragraph  3.11.4.1.  For  CBI  courseware  development,  it  is  recommended 
that  the  MSA  function  be  expanded  and  split  between  several  organizations: 

(1)  DDL  as  the  lead  MSA  to  monitor  the  Implementation  effort 
and  provide  surveillance  for  CBI  lesson  material  during  Stage  3 develop- 
ment, Stage  4 validation,  and  Stage  5 revision. 
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(2)  THCs  as  support  MSAs  to  review  Stage  3 courseware  for 
technical  accuracy  and  provide  surveillance. 

In  addition,  it  is  recommended  that  Navy  personnel  under 
the  cognizance  of  CNET  monitor  the  initial  CBI  implementation  effort 
to  provide  input  to  the  documentation  and  gain  familiarity  with  the 
development  process  for  future  participation. 

3.13  CBI  Courseware  Maintenance 


Paragraph  3. 11. A provides  a brief  overview  of  the  Training 
Materials  Support  Program.  It  is  an  effective  system  designed  to  keep 
management  materials,  instructional  media  materials,  and  curriculum 
materials  current  in  a changing  training  environment.  The  incorporation 
of  CBI  into  the  curriculum  materials  requires  only  minor  modifications 
to  the  established  procedures. 

3.13.1  Maintenance  Roles  and  Procedures 


Figure  3--8  shows  the  roles  and  procedures  for  training  materials 
support.  Paragraph  3.11.1  provides  a definition  of  the  major  roles  shown 
to  the  left  of  the  diagram.  The  following  paragraphs  identify  the  organiza- 
tions to  perform  the  major  roles  and  describe  the  procedural  changes,  if 
any,  required  to  implement  CBI. 

a.  Training  Agency /Training  Support  Agency 

The  TA  is  CNTT  and  the  TSA  is  SP-15.  The  TA/TSA  monitor  and 
direct  the  training  material  support  effort  and  provide  final  approval 
authoring  for  changes.  CBI  implementation  will  not  impact  these  functions. 

b.  Personnel  Program  Coordinator 

The  PPC  for  the  training  material  support  effort  is  DDL.  The 
review  procedures  conducted  by  the  PPC  do  not  require  modification  for  CBI 
courseware  maintenance.  TFRs  and/or  TMCRs  recommending  changes  to  CBI  can 
be  processed  within  the  system  as  it  currently  operates. 

c.  Materials  Support  Activity 

It  is  recommended  that  the  MSA  for  training  materials  support 
be  the  same  organizations  identified  in  paragraph  3.12.3.e.  CBI  does  not 
effect  the  surveillance  function;  the  same  sources  for  documentation  and/or 
hardware  changes  must  be  monitored  continuously  for  impact  on  CBI  courseware. 
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Figure  3-8.  Training  Materials  Support  Flow. 
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Figure  3-8.  (Continued) 


d.  Materials  Preparing  Activity/Materials  Change  Activity 


CBI  courseware  will  require  major  and  minor  changes.  To 
ensure  uniformity  and  quality  assurance,  the  MPA  for  major  CBI  changes 
and  the  MCA  for  minor  CBI  changes  should  be  the  same  organization. 

It  Is  recommended  that  Navy  personnel  located  at  TRITRAFAC 
Incorporate  the  required  changes  to  the  CBI  courseware.  A procedure  to 
monitor  the  number  of  man-hours  expended  for  maintenance  (on  a TFR/TMCR 
basis)  should  be  Implemented  to  determine  future  staffing  requirements. 

This  Information  should  be  provided  to  the  PPC  to  be  formatted  and  for- 
warded to  the  TA/TSA  upon  request. 

The  procedures  to  be  performed  by  the  activities  listed 
below  do  not  require  modification  due  to  the  Implementation  of  CBI: 

a.  Change/Review  Activities  - It  Is  recommended  that  this 
activity  be  the  MPA  for  CBI  courseware  development  and/or  the  MPA/MCA 
for  courseware  maintenance. 

b.  Training  Material  Users  - this  activity  Is  TRITRAFAC. 

c.  FMSAEG  - this  activity  Is  the  Fleet  Missile  Systems 
Analysis  and  Evaluation  Group  responsible  for  processing  TFRs. 

3.13.2  Summary 

The  Implementation  of  CBI  requires  only  minor  modifications  to 
the  Training  Materials  Support  Program.  In  order  to  make  CBI  an  effective 
training  tool,  the  emphasis  on  rigorous  surveillance  and  rapid  Identifica- 
tion on  changes  cannot  be  stressed  enough.  Good  communication  networks 
and  coordination  functions  must  be  established  to  keep  the  CBI  courseware 
current  In  a changing  training  environment. 

3.14  CBI  Courseware  Docxanentatlon 

After  reviewing  the  management  materials  described  In  paragraph 
3.11.3.1,  It  was  determined  that  only  two  documents  must  be  revised  to 
Incorporate  CBI  into  the  FBM  Training  System;  OD  45240,  SSBN  Weapon 
System  Training  Materials  Management  Plan,  and  OD  45519,  SSBN  Weapon 
System  Training  Material  Development  and  Production  Specifications.  OD 
43180,  FBM  Weapon  System  Personnel  Performance  Profiles  and  Training 
Path  System,  and  OD  45953,  FBM  Weapon  System  Personnel  and  Training 
Evaluation  Program,  are  not  Impacted  by  the  implementation  of  CBI.  PPP/TPS 
are  prerequisites  for  CBI  courseware  development  and  PTEP  test  Item  drafts 
are  included  in  the  Stage  3 deliverables  for  CBI. 
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As  discussed  in  paragraph  3.8.4,  it  is  suggested  that  the 
documentation  changes  be  developed  in  conjunction  with  the  first  few 
CBI  hours.  Outlining  the  roles  and  procedures  and  defining  the  specifica- 
tions for  CBI  courseware  while  CBI  development  is  in  progress  should 
minimize  the  revision  effort.  In  this  way,  problems  will  be  identified 
and  solved  prior  to  finalizing  the  document.  Paragraph  3.14.1  discusses 
the  changes  required  to  OD  45240  and  paragraph  3.14.2  provides  recom- 
mendations for  revising  OD  45519. 

3.14.1  SSBN  Weapon  System  Training  Materials  Management  Plan  (OD  45240) 

Both  volumes  of  OD  45240  require  minor  revisions  to  incorporate 
CBI.  In  all  cases,  the  definition  of  curriculum  materials  for  formal 
school  training  must  be  expanded  to  include  CBI  courseware  as  well  as 
IGs. 


Volume  1,  Procedures,  must  reflect  the  roles  and  procedures  within 
the  stages  of  CBI  courseware  development.  The  recommendations  in  paragraph 
3.12,  or  an  alternate  implementation  plan,  can  be  used  as  the  basis  for  a 
new  chapter  or  a new  section  in  Chapter  4 to  describe  the  CBI  development 
flow. 


Volume  2,  Schedules,  requires  a consistent  method  of  designating 
CBI  hours  within  the  NAVTECHTRA  course  numbers.  The  Curriculum  Materials 
Responsibility  Chart  must  be  updated  to  Include  the  MPA/MSA  assignments 
for  CBI.  The  Curriculum  Materials  Status  and  Development  Schedules  for 
CBI  must  be  incorporated  into  the  charts.  The  Curriculum  Allowance  List 
must  be  revised  to  include  CBI  under  TRITRAFAC. 

3.14.2  SSBN  Weapon  System  Training  Material  Development  and  Production 
Specifications  (OD  45519) 

OD  45519  consists  of  three  volumes.  Volume  1,  Introduction  and 
Management  Materials,  and  Volume  3,  Instructional  Media  Materials,  do 
not  need  to  be  changed  to  Incorporate  CBI  into  the  documentation.  However, 
Volume  2,  Curriculum  Materials,  requires  major  revision.  It  is  suggested 
that  the  current  version  of  Volume  2 be  left  intact  and  that  an  additional 
volume  or  an  appendix  be  added  for  CBI. 

The  specifications  for  CBI  courseware  development  and  production 
will  come  from  two  sources.  One  will  be  the  procedures  and  techniques  in 
the  author/user  manual  for  the  specific  CBI  system  and  the  other  will  be 
the  guidelines  developed  for  OD  45519.  Recommended  content  areas  to  be 
covered  in  OD  45519  CBI  specifications  include: 

a.  Criteria  and  methodology  for  selecting  instructional  xmits 
to  be  put  on  CBI. 
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b.  Documentation  requirements  (content/format/samples)  for: 

(1)  Learning  objectives 

(2)  Instructional  strategies 

(3)  Simulation  techniques 

(4)  Associated  media  materials 

(5)  Validation  data 

c.  Description  of  authoring  process: 

(1)  Design  techniques 

(2)  Off-line  preparation  and  coding 

(3)  On-line  implementation  and  debugging 

(4)  Formative  and  summative  validation  procedures 

d.  Definition  of  deliverables. 

e.  Method  for  recording  development  and  maintenance  man-hours. 
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SECTION  4.  PHASE  III:  CONFIGURATION  COST  ANALYSIS 


4.1  Overview 


The  first  part  of  this  section  presents  an  estimate  of  the  costs 
to  Implement  CBI  for  SWS  training  at  TRITRAFAC.  The  costs  are  divided  into 
two  categories:  (a)  baseline  costs  which  are  associated  with  the  imple- 

mentation of  any  CBI  system,  and  (b)  the  differing  costs  associated  with 
each  specific  CBI  system  which  allow  cost  comparisons  among  the  candidates. 
The  baseline  costs  encompass  the  activities,  recommended  in  section  3 
to  Incorporate  the  roles,  procedures,  and  specifications  for  CBI  into  the 
FBM  Training  System.  The  comparative  costs  consist  of  life-cycle  costs 
such  as  purchase,  maintenance,  and  training  for  each  CBI  system  candidate 
identified  in  section  3. 

Paragraph  4.2  describes  the  cost  analysis  methodology  as  based 
on  FBM  Training  System  budgeting  procedures.  Paragraphs  4.3,  4.4,  and  4.5 
provide  a detailed  analysis  of  the  life-cycle  costs  for  each  of  the  three 
system  candidates:  TICCIT,  PLATO,  and  CBTS,  respectively.  Paragraph 

4.6  compares  the  life-cycle  costs  of  the  three  candidates  to  determine  the 
most  cost-effective  CBI  configuration  for  meeting  SWS  training  require- 
ments identified  in  section  2. 

Two  forms  of  growth  are  seen  as  possible  for  TRIDENT  SWS  training. 
The  first  growth  area  is  in  the  amount  of  laboratory  training  which  may 
be  carried  on  a CBI  system.  This  growth  would  be  a direct  extension  of 
the  functional  application  that  is  the  main  subject  of  this  study:  simula- 

tion of  operator  or  maintenance  laboratory  training.  The  second  growth 
area  is  that  of  other  functional  applications  for  which  a computer-based 
system  could  be  of  benefit.  The  area  Includes  classroom  training,  computer- 
managed  instruction,  the  Personnel  Training  and  Evaluation  Program,  and 
Instruction  for  low  volume  or  nonperiodic  training  which  may  be  more  cost- 
effective  as  self-paced,  \mscheduled  courses.  Paragraphs  4.7  and  4.8 
address  these  two  growth  areas  and  the  possible  impacts  on  SWS  training 
at  TRITRAFAC. 

4.2  Cost  Analysis  Methodology 

The  objective  of  the  cost  analysis  was  to  compare  the  costs  of 
the  CBI  system  candidates  identified  in  section  3 over  a 10-year  life 
cycle  to  determine  the  most  cost-effective  CBI  system  for  SWS  training  at 
TRITRAFAC.  To  accomplish  this,  a framework  for  analyzing  and  comparing 
the  costs  of  the  three  alternatives  was  required.  Rather  than  estab- 
lishing CBI-oriented  cost  categories  for  this  purpose,  the  budgetary 
estimates  for  each  configuration  were  developed  within  the  FBM  Training 
System  Work  Breakdown  Structure  (WBS) . By  utilizing  the  WBS  as  a frame- 
work for  conducting  the  cost  analysis,  several  advantages  are  realized: 

a.  It  serves  as  a checklist  to  ensure  that  all  required  tasks 
are  scheduled  and  it  indicates  the  duration  of  the  various  tasks  as  well 
as  the  fiscal  years  in  which  funds  will  be  expended. 
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b.  It  provides  a detailed  low  level  breakout  of  cost  elements. 

c.  It  identifies  the  total  cost  of  end  products. 

d.  The  matrix  approach  provides  a cost  trade-off  model  to  com- 
pare CBI  system  alternatives  on  a life-cycle  basis. 

The  WBS  is  described  in  the  TRIDENT  Strategic  System  Training 
Concept  Document,  dated  17  December  1974.  The  WBS  is  comprised  of 
training  hardware,  software,  and  documentation  cost  elements.  It  en- 
compasses the  concept,  design,  production,  installation,  testing,  and 
support  phases  of  an  FBM  Training  System.  The  SP-15  approved  WBS  is 
shown  in  Table  4-1.  Tasks  0001,  0002,  0003,  0004,  and  0008  include  the 
nonrecurring  investment  costs,  while  tasks  0005,  0006,  and  0007  cover 
the  recurring  life-cycle  support  costs. 

For  the  purpose  of  this  study.  Tasks  0001,  0025,  0004,  and  0008 
were  not  applicable.  Tasks  0001  and  0004  address  the  overall  training 
system  design  and  installation  and  specify  activities  to  be  performed  by 
the  Program  Coordinator  and  PLATO.  It  has  been  assumed  that  the  imple- 
mentation of  CBI  will  Impose  no  additional  cost  requirements  on  the  services 
provided  by  these  agencies  and,  therefore,  these  tasks  were  not  used. 

Task  0025  covers  the  tactical  hardware  and  associated  equipment  and  is 
not  pertinent  to  CBI.  Task  0008  applies  to  the  System  Engineering  Super- 
visor only  and  is  not  Impacted  by  CBI. 

Tasks  0002,  0003,  0005,  0006,  and  0007  are  relevant  CBI  cost 
categories.  In  order  to  provide  a comprehensive  picture  of  CBI  implemen- 
tation costs,  the  cost  elements  within  these  tasks  were  specified  as 
either  baseline  or  comparative.  Paragraph  4.2.1  discusses  the  baseline 
costs  required  to  incorporate  CBI  into  the  FBM  Training  System  and  para- 
graph 4.2.2  describes  the  comparative  cost  elements  that  are  a function 
of  the  CBI  system  configuration. 

4.2.1  Baseline  Costs 

In  accordance  with  the  recommendations  in  section  3 to  incorpor- 
ate the  roles,  procedures,  and  specifications  for  CBI  into  the  FBM  Training 
System,  three  potential  baseline  cost  elements  were  identified  from  WBS 
Tasks  0002,  0003,  0005,  0006,  and  0007.  A brief  definition  of  each  ele- 
ment is  provided  below: 

a.  2.03  SCHEDULE,  LIAISON,  MONITOR 

Management  activities  - scheduling,  monitoring,  coordin- 
ation, and  reviews  required  to  Install  the  CBI  system  at  TRITRAFAC. 

b.  3.04  SCHEDULE,  LIAISON,  MONITOR 

Management  activities  - scheduling,  monitoring,  coordin- 
ation, and  reviews  required  to  incorporate  CBI  courseware  into  the  FBM 
Training  System. 
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c.  6.01  SURVEILLANCE  AND  PPP/TPS  MAINTENANCE 

Management  activities  - coordination,  monitoring,  and 
surveillance  required  to  maintain  CBI  courseware  within  the  FBM  Training 
System 


As  indicated  in  paragraph  3.7  of  section  3,  for  the  purpose  of 
this  study,  it  has  been  assumed  that  the  installation  of  the  CBI  system 
will  be  the  joint  responsibility  of  the  CBI  system  contractor,  the  Weapons 
Program  Coordinator  (WPC),  and  the  Facilities  Coordinator  (FPC) . Since 
the  WPC  and  FPC  share  major  implementation  responsibility  for  TRITRAFAC, 
it  has  been  assumed  that  any  additional  cost  requirements  associated 
with  the  installation  of  CBI  will  be  a negligible  part  of  the  total  effort. 
Any  installation  costs  incurred  by  the  CBI  system  contractor  are  specific 
to  the  system  and  reflected  in  the  comparative  cost  elements.  Therefore, 

WBS  element  2.03  was  not  used  in  the  cost  analysis. 

Paragraph  3.10  through  3.14  of  section  3 described  the  FBM  Training 
System  curriculum  development  and  maintenance  procedures  and  documentation. 
Recommendations  for  changes  to  these  procedures  and  documentation  to  cover 
CBI  were  also  made.  Table  4-2  summarizes  these  recommendations,  delegating 
them  to  WBS  elements  3.04  and  6.01,  and  provides  an  estimate  of  the  associ- 
ated costs  by  fiscal  year.  All  of  the  cost  estimates  are  based  on  a rate 
of  $22.00  per  man-hour,  including  salary,  overhead  and  profit,  as  a current 
average  rate  for  contracted  efforts  of  this  sort. 

The  estimates  for  WBS  element  3.04  reflect  the  nonrecurring  costs 
during  the  first  4 years  of  the  system  life  cycle.  WBS  element  3.04 
consists  of  two  components:  (a)  the  effort  required  to  develop  CBI  docu- 

mentation, and  (b)  the  effort  required  to  develop  and  Implement  CBI  pro- 
cedures. In  discussing  the  recommended  revisions  to  the  documentation 
with  knowledgeable  personnel,  a consensus  of  approximately  one  man-year 
of  effort  was  reached  and  this  is  reflected  in  Table  4-2.  An  effort 
of  1 man-year  per  fiscal  year  across  the  roles  identified  in  Table  4-2 
was  also  projected  to  implement  the  procedures  for  CBI  development. 

WBS  element  6.01  covers  the  recurring  costs  required  to  control 
and  monitor  CBI  courseware  after  it  has  been  developed  and  is  in  an  opera- 
tional mode.  This  effort  follows  the  same  level  of  effort  and  schedule 
identified  for  CBI  courseware  maintenance  in  Figure  3-3  in  section  3 since 
this  is  the  period  of  such  recurring  costs.  That  is,  after  the  64.25  CBI 
hours  are  developed,  2 years  with  a high  level  of  effort  are  followed  by 
4 years  with  a low  level  of  effort.  A high  support  effort  is  defined 
as  1 man-year  and  a low  support  effort  is  defined  as  1/2  man-year  across 
the  roles  identified  in  Table  4-2.  The  baseline  costs  for  both  elements 
for  each  fiscal  year  are  Included  in  the  cost  summary  for  each  CBI 
candidate  in  paragraphs  4.3,  4.4,  and  4.5. 
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Table  4-2 


Taseline  CBI  Costs 


WBS 

Element 


Recommended  Changes 


Cost  Estimate/ 
FIs cal  Year 


3.04 


Revisions  to  documentation 


46K/FY  77 


OD  45240  minor  changes  to  Management  Plan  Volumes 
OD  45519  addendum  or  new  volume  of  CBI  Specifica- 
tions 


Procedures  for  CBI  development 


46K/FY  76/7T 


TA/TSA 

PPG 


direct  and  coordinate  implementation  effort 

select  CBI  amenable  materials 

provide  quality  assurance: 

- review  documentation  revisions 

- review  deliverables  in  accordance  with 
OD  45519  CBI  Specifications 

monitor  and  control: 

- distribution  and  reproduction  or  course- 
ware 

- internal  and  external  identification 

- front  matter  format  and  security  classi- 
fication 

- identification  of  changes  and  current 
status 

- hard  copy  documentation  requirements 

- record  of  man-hours  expended 


46K/FY  78 
46K/FY  77 
46K/FY  79 


MSA  lead  activity  to  monitor  implementation 

effort  and  provide  surveillance 
support  activities  to  monitor  for  technical 
accuracy  and  provide  surveillance 
CNET  to  monitor  implementation  effort  and 
provide  input  to  documentation  revisions 


6.01 


Procedures  for  CBI  maintenance 


46K/FY  80 


TA/TSA  direct  and  coordinate  support  effort 


46K/FY  81 


PPC 

MSA 


monitor  support  effort 
control  changes /revisions 


23K/FY 

23K/FY 


lead  actlvitlty  to  monitor  support  effort 
and  provide  surveillance 
support  activities  to  monitor  for  techni- 
cal accuracy  and  provide  surveillance 


23K/FY 

23K/FY 


82 

83 

84 

85 


4-6 


4.2.2  Comparative  Cost  Elements 


Table  4-3  identifies  the  comparative  CBI  cost  elements  within 
WBS  tasks  0002,  0003,  0005,  0006,  and  0007,  and  provides  a definition  of 
the  components  within  each  element.  The  comparative  cost  elements  were 
used  to  evaluate  the  cost  of  each  CBI  system  candidate  identified  in 
section  3.  All  of  the  elements  are  not  applicable  to  each  configuration. 
However,  by  using  a common  matrix,  the  costing  differences  for  each  system 
are  apparent  and  a cost  comparison  of  the  candidates  is  possible. 

The  life-cycle  costs  for  TICCIT,  PLATO,  and  CBTS  are  presented 
on  summary  tables  in  paragraphs  4.3,  4.4,  and  4.5,  respectively.  The  for- 
mat for  the  life-cycle  cost  summary  is  shown  in  Table  4-4.  This  table 
Includes  both  the  comparative  costs  and  the  baseline  costs  to  implement 
CBI.  Each  WBS  task  was  computed,  by  cost  element,  over  the  10-year  life- 
cycle.  Subtotals  are  provided  for  the  cost  elements,  within  a task,  by 
fiscal  year.  A total  is  provided  for  each  cost  element  over  the  life 
cycle  in  the  right-hand  column.  The  first  half  of  the  table  covers  the 
nonrecurring  costs  by  fiscal  year  and  furnishes  a total  for  all  of  the 
nonrecurring  cost  elements.  The  second  half  covers  the  recurring  costs 
by  fiscal  year  and  furnishes  a total  for  all  of  the  recurring  cost  ele- 
ments. The  last  line  is  a total  of  the  nonrecurring  and  recurring  costs 
by  fiscal  year  and  the  highlighted  space  in  the  bottom  right-hand  corner 
indicates  the  total  cost  to  implement  the  CBI  configuration. 
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Table  4-3 


Comparative  Cost  Elements  Within  WBS  Tasks 


Cost 

Element 

Cost  Element  Component 

0002  TRAINING  HARDWARE/SOFTWARE 

2.04 

EQUIPMENT  INSTALLATION  DESIGN 

Compile  equipment  requirements  (power, 
cooling,  cables,  etc.),  lay  out  design 
within  TRITRAFAC  installation 

2.05 

EQUIPMENT  DESIGN/ SUPPORTING 
DOCUMENTATION 

Mechanical  design,  support  and  trouble- 
shooting, provisioning  documentation 

2.07 

HARDWARE  FIELD  SERVICE 

Technical  reps  to  supervise  on-site 
Installation  and  test  procedures 

2.08 

INSTALLATION  TEST  PROCEDURES 

Visual/mechnnlcal  Inspection  and  func- 
tional/opc rational  testing  to  assure 
equipment  meets  manufacturing  and  per- 
formance specifications 

2.09 

EQUIPMENT  MANUALS 

Operating,  maintenance,  software  users* 
manuals 

2.10 

NONTACTICAL  EQUIPMEITT 

Purchase  and/or  lease  of  CBI  system 
components  (hardware  and  software)  - 
possible  line  items; 

CPU  Communications  interfaces 

Memory  Operating  System 

On-line  storage  Authoring  Language 

I/O  devices  Terminals  and  options 

2.12 

INITIAL  SPARES 

0003 

PERSOh^iTL  CRITERIA/TRAININC 

3.01 

TRAINING  REQUIREMENTS  DEFINITION 

Formalize  instructional  strategy  and 
define  learning  objectives  for  CBI 
courseware 

3.02 

CURRICULA  DEVELOPMENT 

Design,  Implement,  debug,  validate,  and 
revise  CBI  courseware  (includes  produc- 
tion of  media  support  materials) 

3.03 

FACTORY  TRAINDIG 

Provide  training  to  military  courseware 
development  personnel  in  CBI  system 
authoring 

0005 

LOGISTIC  SUPPORT 

5.02 

SOFTWARE  MAINTENANCE  AND  UPDATE 

On-site  systems  programmer  for  software 
maintenance  - software  updates  provided 
by  CBI  system  contractor 

5.03 

SPALT  PROCUREMENT 

Alternations  to  CBI  system  hardware/ 
software 

0006 

PERSONWT.  SUPPORT 

6.02 

FORMAL  TRAINING  MATERIAL 
MAINTENANCE 

Support  effort  to  maintain  accuracy  of 
instructional  content  and  correct  instruc- 
tional deficiencies  for  on-line  CBI  course- 
ware 

0007 

HARDWARE  SUPPORT 

7.01 

FIELD  SERVICE 

On-call  contractor  field  service  or 

maintenance  agreements 
On-site  operational  support  (military 
technicians  for  maintenance  and  opera- 
tions) 

Lease  costs  (communications  lines, 
computer  access,  etc.) 


7.05  REPAIR/RETURN  AND  REPLENISH- 
MENT SERVICES 


Format  for  Life-Cycle  Cost 
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WBS  COST  ELEMENTS 

1 i 

0002  Traininc  Hardware/Soft^are 

2.04  Equipment  Installation  Design 

2.05  Equip.  Design/Supporttng  Doc. 

2.07  Hardware  Field  Service 

2.08  Installation  Test  Procedures 

2.09  Equipment  Manuals 

2. 10  Noo-Tactical  Equipment 
2.12  Initial  Spares 

Subtotal 

0003  Personnel  Criteria/Training 

3. 01  Tmg.  Requirements  Definition 

3. 02  Curricula  Development 

3.03  Factory  Training 

3.04  Schedule,  Liaison,  Monitor 

Subtotal 

NON-RECITIRING  COSTS  TOTAL 
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The  following  assumptions  were  made  In  preparing  the  bxidgetary 
estimates  for  each  CBI  system  configuration: 

a.  All  monetary  values  are  expressed  In  thousands  of  dollars. 

b.  All  monetary  values  are  expressed  In  the  form  of  FY76  constant 
dollars.  Govexnment  specified  dlscoxmt  rates  and  cost  of  living  Indices 
are  not  applied. 

c.  All  cost  estimates  supplied  by  CBI  system  contractors  are 
current  at  the  time  of  this  report  and  subject  to  change  In  the  future. 

d.  The  nonrecurring  Investment  costs  and  the  recurring  support 
costs  are  phased  over  a 10-year  life  cycle  beginning  in  FY76  and  ending 
In  FY85. 


e.  The  hardware  procurement  costs  for  each  13  terminal  configura- 
tion appear  in  the  column  entitled  FY77. 

f.  Contractor  personnel  will  develop  the  courseware  in  FY77  and 
military  personnel  will  develop  the  courseware  in  FY78  and  FY79.  Military 
personnel  will  require  training  In  CBI  authoring  techniques.  The  cost  for 
this  training  appears  In  FY77,  although  training  may  not  take  place  xmtll 
FY78. 


g.  One  fiscal  year  equals  2080  man-hours. 

h.  A contractor  rate  of  $22.00  per  man-hour  and  a military 
rate  of  $10.00  per  man-hour  is  used. 

1.  The  same  formulas  are  used  for  courseware  development  and 
maintenance  for  each  alternative.  The  differences  in  courseware  develop- 
ment costs  are  due  to  media  support  requirements. 

4.3  TICCIT  System  Costs 

A summary  of  TICCIT  system  costs  over  the  projected  life-cycle  is 
shown  in  Table  4-5.  A detailed  breakdown  of  the  nonrecurring  and  recurring 
costs  within  each  WBS  task  Is  provided  in  the  following  paragraph. 

4.3.1  Training  Hardware /Software 

The  bvjdgetary  estimates  for  this  task  were  supplied  by  the  MITRE 
Corporation.  As  described  in  paragraph  3.7.1  of  section  3,  MITRE  is 
responsible  for  the  system  integration  required  to  Install  TICCIT.  This 
effort  Includes  system  documentation  and  equipment  manuals,  installation 
design  and  test  procedures,  and  support  personnel  provided  on-slte  during 
and  after  system  delivery.  WBS  element  2.07  reflects  the  costs  associated 
with  systems  Integration.  The  services  covered  by  WBS  elements  2.04,  2.05, 
2.08,  and  2.09  are  Included  under  WBS  element  2.07. 
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TICCIT  System  Costs 


TOTAL 
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FY  76/7T 

8 

sO 

46.00 

46.00 

NON-RECURRING 
WBS  COST  ELEMENTS 

0002  Training  Hardvare/Softvare 

2.04  Equlpfoent  Installation  Design 

2.05  Equip.  Design/Supporting  Doc. 

2.07  Hardware  Field  Service 

2.08  Installation  Test  Procedures 

2.09  Equlpnent  Manuals 

2.10  Non-Tactical  Equipment 
2.12  Initial  Spares 

Subtotal 

0003  Personnel  Crlteria/TralnlnR 

3.01  Tmg.  Requirements  Definition 

3.02  Curricula  Development 

3.03  Factory  Training 

3.04  Schedule,  Liaison,  Monitor 

Subtotal 

NON-RECURRING  COSTS  TOTAL 
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Table  4-5.  (Continued) 
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WBS  element  2.10  provides  an  estimate  of  the  procurement  costs  for 
TICCIT.  The  system  configuration,  as  identified  in  section  3,  includes 
a main  processor,  a terminal  processor,  a graphics  system,  a video  system, 
and  13  terminals  with  the  light  pen  option.  WBS  element  2.12  furnishes 
an  estimate  of  the  cost  for  initial  spares  for  major  system  components. 

4.3.2  Personnel  Criteria/Training 

The  budgetary  estimates  for  CBI  courseware  development  are  based 
on  the  information  found  in  section  3.  The  estimate  of  250  man-hours  per 
CBI  hour  was  divided  into  two  components  in  paragraph  3.8.2. 3.  WBS  element 
3.01  represents  the  50  man-hours  per  CBI  hour  for  analysis  and  refinement 
of  learning  objectives  (20%  of  the  total  effort),  while  WBS  element  3.02 
represents  the  200  man-hours  for  design,  implementation,  debug,  valida- 
tion, and  revision  of  lesson  material  (80%  of  the  total  effort).  Also, 
the  costs  associated  with  the  media  support  requirements  identified  in 
paragraph  3. 8. 3.1  are  Included  in  WBS  element  3.02. 

The  following  formulas  were  used  to  derive  the  cost  estimates 
for  TICCIT: 

a.  WBS  element  3.01.  Number  of  courseware  development  man- 
hours /FY  X $ /man-hour  = $/FY  x 20% 

b.  WBS  element  3.02.  Number  of  courseware  development  man- 
hours/FY  x $/man-hour  = $/FY  x 80%  + $/media  support 

c.  Media  support 

(1)  For  off-line  digitized  graphics  production.  10  man-hours/ 

1 CBI  hour  X number  of  CBI  hours/FY  x $10. 00/man-hour  = $/FY 

(2)  For  videotape  production.  $400/minute  x 5 mlnutes/1  CBI 
hour  X number  of  CBI  hours/FY  = $/FY 

The  number  of  man-hours  per  fiscal  year  is  shown  in  Table  3-3 
and  the  number  of  CBI  hours  per  fiscal  year  is  shown  in  Figure  3-1.  The 
dollars  per  man-hour  are  a function  of  the  organization  that  will  develop 
the  courseware.  Based  on  the  recommendations  in  paragraph  3.12. 3. d,  a con- 
tractor rate  of  $22.00  per  man-hour  was  used  for  FY77  and  a military  rate 
of  $10.00  per  man-hour  was  used  for  FY78  and  FY79. 

Courseware,  Inc.,  provided  the  estimate  for  WBS  element  3.03. 
Factory  training  for  TICCIT  Includes  an  initial  workshop  and  continuing 
support  to  courseware  development  personnel  for  approximately  6 months. 

The  estimates  for  WBS  element  3.04  were  taken  from  Table  4-2,  Baseline 
CBI  Costs. 
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4.3.3  Logistic  Support 


MITRE  has  the  charter  for  TICCIT  software  development  and  new 
software  packages  are  provided  to  the  user  at  no  charge.  As  identified 
in  paragraph  3.7.1  of  section  3,  the  estimate  reflected  in  WBS  element  5.02 
covers  the  cost  of  a full-time  military  systems  programmer  to  support  the 
existing  software. 

MITRE  is  responsible  for  the  system  integration  effort  required 
to  Install  TICCIT  and  the  user  is  responsible  for  the  hardware /software 
configuration  after  installation.  Therefore,  no  major  alterations  are 
anticipated  during  the  proposed  life-cycle  and  no  estimate  was  prepared 
for  WBS  element  5.03. 

4.3.4  Personnel  Support 

The  estimate  for  WBS  element  6.01  is  the  same  as  in  Table  4-2, 
Baseline  CBI  Costs.  The  budgetary  estimate  for  CBI  courseware  maintenance 
is  based  on  information  found  in  section  3.  The  number  of  man-hours  per 
fiscal  year  over  the  projected  life-cycle  appear  in  Table  3-4  of  that 
section.  Based  on  the  recommendations  made  in  paragraph  3.13. l.d.  Navy 
courseware  maintenance  participation,  a military  rate  of  $10.00  per  man- 
hour was  used  in  the  calculations  for  WBS  element  6.02. 

4.3.5  Hardware  Support 

WBS  element  7.01  reflects  the  TICCIT  hardware  maintenance  require- 
ments identified  in  paragraph  3.7.1  of  section  3.  The  estimate  for  each 
fiscal  year  Includes  a $20.00  maintenance  agreement  with  Data  General 
and  one-and-one-half  full-time  military  technicians  at  a rate  of  $10.00 
per  man-hour.  WBS  element  7.05  provides  an  estimate  of  the  yearly  costs 
for  non  Data  General  system  components. 

4.4  PLATO  System  Costs 

A summary  of  PLATO  system  costs  over  the  projected  life- cycle  is 
shown  in  Table  4-6.  A detailed  breakdown  of  the  non-recurring  and  re- 
curring costs  within  each  WBS  is  provided  in  the  following  paragraphs. 

4.4.1  Training  Hardware/Software 

The  budgetary  estimates  for  this  task  were  supplied  by  Control 
Data  Corporation  (CDC).  As  described  in  paragraph  3.7.2  of  section  3, 
the  marketing  policy  established  by  CDC  for  PLATO  provides  a full  range 
of  installation  services  that  are  Included  in  the  terminal  price.  As  such, 
the  costs  associated  with  WBS  elements  2.04,  2.05,  2.07,  2.08,  and  2.12 
are  covered  in  WBS  element  2.10.  WBS  element  2.10  shows  the  procurement 
costs  for  13  PLATO  terminals.  The  price  quoted  for  a basic  plasma  terminal 
with  a local  modem,  touch  panel,  and  image  projector  was  $11,650.  WBS 
element  2.09  reflects  a nominal  charge  for  users  manuals. 
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PIjATO  Systera  Costs 
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Table  4-6.  (Continued) 
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A. 4. 2 Personnel  Criteria/Training 


The  budgetary  estimates  for  CBI  courseware  development  are  based 
on  the  information  found  in  section  3.  The  estimate  of  250  man-hours  per 
CBI  hour  was  divided  into  two  components  in  paragraph  3. 8. 2. 3.  WBS  element 
3.01  represents  the  50  man-hours  per  CBI  hour  for  analysis  and  refinement 
of  learning  objectives  (20%  of  total  effort),  while  WBS  element  3.02  repre- 
sents the  200  man-hours  for  design,  implementation,  debug,  validation, 
and  revision  of  lesson  material  (80%  of  total  effort).  Also,  the  costs 
associated  with  the  media  support  requirements  identified  in  paragraph 
3.8.3. 2 are  included  in  WBS  element  3.02. 

The  following  formulas  were  used  to  derive  the  cost  estimates 
for  PLATO: 


a.  WBS  element  3.01.  Number  of  courseware  development  man-hours/ 
FY  X $/man-hour  = $/FY  x 20% 

b.  WBS  element  3.02.  Number  of  courseware  development  man-hours/ 
FY/x  $/man-hour  •=  $/FY  x 80%  + $/medla  support 

c.  Media  support 

(1)  For  35mm  color  slide  production.  5 man-hours/1  CBI  hour 
X number  of  CBI  hours/FY  x $10.00/man-hour  = $/FY 

(2)  For  microfiche  slide  production.  $80. 00/master  + $27.00/ 
copy  X 12  copies/1  CBI  hour  x number  of  CBI  hours/FY  = $/FY  (microfiche 
processing  prices  are  based  on  quotes  from  CDC) 

The  number  of  man-hours  per  fiscal  year  is  shown  in  Table  3-3 
and  the  number  of  CBI  hours  per  fiscal  year  is  shown  in  Figure  3-1.  The 
dollars  per  man-hour  are  a function  of  the  organization  that  will  develop 
the  courseware.  Based  on  the  recommendations  in  paragraph  3.12.3.d, 
a contractor  rate  of  $22.00  per  man-hour  was  used  for  FY77  and  a military 
rate  of  $10.00  per  man-hour  was  used  for  FY78  and  FY79. 

CDC  offers  a 2-week  hands-on  workshop  to  teach  the  PLATO  system 
and  the  TUTOR  authoring  language  at  a cost  of  $1,100  per  student.  Because 
of  the  proposed  personnel  build-up  and  the  curriculum  support  and  access 
assistance  provided  by  CDC,  WBS  element  3.03  reflects  factory  training 
for  one  student  only.  The  estimates  for  WBS  element  3.04  were  taken  from 
Table  4-2,  Baseline  CBI  Costs. 

4.4.3  Logistic  Support 

CDC  maintains  and  updates  PLATO  software  at  no  additional  charge 
to  the  user.  Software  support  is  part  of  the  monthly  computer  access 
charge  described  in  paragraph  4.4.5  below  so  no  estimate  was  prepared  for 
WBS  element  5.02.  The  estimates  for  WBS  element  5.03  take  into  considera- 
tion additional  features  now  under  evaluation  by  CDC.  These  proposed 
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improvements  to  PLATO  Include  audio  capability,  hardcopy  capability  at 
the  installation,  and  increased  multiplexing  capability. 

4.4.4  Personnel  Support 

The  estimate  for  WBS  element  6.01  is  the  same  as  in  Table  4-2, 
Baseline  CBI  Costs.  The  budgetary  estimate  for  CBI  courseware  maintenance 
is  based  on  Information  foxmd  in  section  3.  The  number  of  man-hours  per 
fiscal  year  over  the  projected  life  cycle  appear  in  Table  3-4  of  that  sec- 
tion. Based  on  the  recommendations  made  in  paragraph  3.13.1.d  for  Navy 
courseware  maintenance  participation,  a military  rate  of  $10.00  per  man-hour 
was  used  in  the  calculations  for  NBS  element  6.02. 

4.4.5  Hardware  Support 

Due  to  laboratory  scheduling,  a 13  terminal  configuration  was 
recommended  in  paragraph  2.8.4  of  section  2.  For  PLATO,  the  thirteenth 
terminal  would  serve  as  a back-up  or  replacement  terminal  for  the  12  on- 
line terminals.  Therefore,  all  monthly  charges  are  based  on  a 12  terminal 
configuration.  The  costs  for  repair/retum  and  replenishment  are  included 
in  WBS  element  7.01  under  the  monthly  terminal  maintenance  charge  and  no 
further  sum  is  shoxm  in  WBS  element  7.05.  As  identified  in  paragraph 
3.7.2  of  section  3,  the  costs  reflected  in  WBS  element  7.01  for  each  fiscal 
year  consist  of  five  components: 

a.  Computer  access  charge  of  $600.00  per  terminal  per  month  for  12 
terminals  (this  Includes  access  for  16  hours /day  for  5 days /week,  on-call 
access  assistance,  and  1,120,000  characters  of  on-line  storage. 

b.  Terminal  maintenance  charge  of  $165.00  per  terminal  per  month 
for  12  terminals  (this  includes  the  plasma  terminal,  local  modem,  touch 
panel,  and  image  projector). 

c.  Multiplexor  service  charge  of  $525.00  per  4X  multiplexor  per 
month  for  three  4X  multiplexors. 

d.  Monthly  telephone  line  charge  for  three  dedicated  lines  of 
1,000  miles  each  at  $.95  per  mile  (this  distance  is  based  on  a CDC  West 
Coast  PLATO  Installation  planned  for  1976). 

e.  Military  technician  for  one-quarter  man-year  at  a rate  of 
$10.00  per  man-hour. 

4.5  CBTS  System  Costs 

A summary  of  CBTS  system  costs  over  the  projected  life-cycle  is 
shown  in  Table  4-7.  A detailed  breakdown  of  the  nonrecurring  and  recurring 
costs  within  each  WBS  task  is  provided  in  the  following  sections. 
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CBTS  System  Costs 
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Table  A-7.  (Continued) 
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RECURRING 

1 WBS  COST  ELEMENTS 

0005  Logistic  Support 

5.02  Software  Maintenance  6 Update 

5 . 03  SPALT  Procureaient 

Subtotal 

0006  Personnel  Support 

6.01  Surveillance  & PPP/TPS  Malnt. 

6.02  Formal  Tmg.  Material  Kalnt. 

Subtotal 
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7.05  Repalr/Retum  & Replenishment 
Services 

Subtotal 
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TOTAL  CBI  SYSTEM  COSTS 
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4.5.1  Training  Hardware/Software 


The  budgetary  estimates  for  this  task  were  supplied  by  General 
Electric  Ordnance  Systems  (GEOS).  Since  CBTS  is  a prototype,  certain 
development  costs  are  incurred  by  the  user  for  production  terminals. 

WBS  element  2.04  covers  the  costs  for  facility  and  arrangement  drawings 
necessary  to  Install  the  terminals  at  TRITRAFAC.  WBS  element  2.05  includes 
the  costs  to  develop  the  System  Reference  Manucd  and  the  provisioning 
parts  list  for  the  installation.  The  estimate  for  WBS  element  2.07  reflects 
the  costs  for  GEOS  engineers  to  physically  install  the  terminals  and  to 
perform  visual  and  mechanical  inspections  for  quality  conformance,  while 
WBS  element  2.08  covers  the  functional/operational  testing  to  ensure  the 
terminals  comply  with  performance  specifications.  GEOS  will  provide  a 
Student  Manual,  an  Author's  Guide,  and  a Preventative  Maintenance  Manual 
for  each  terminal.  The  estimate  in  WBS  element  2.09  covers  this  documen- 
tation. 


WBS  element  2.10  reflects  the  procurement  costs  for  13  stand-alone 
terminals  and  two  portable  authoring  models.  Each  terminal  consists  of 
a plasma  display,  floppy  disk  storage,  operator  interface  via  a graph 
pen  or  a standard  keyboard  with  six  special  function  keys,  and  35mm  rear 
projection  capability.  The  price  per  terminal  is  $29,000;  however,  an 
additional  $4,000  per  terminal  is  shown  for  a dual  display  color  CRT  option. 
Each  authoring  module  consists  of  a second  floppy  disk,  an  alphanumeric 
printer,  and  a working  file  buffer  module.  The  price  per  authoring  module 
is  approximately  $5,000.  The  estimate  in  WBS  element  2.12  covers  the  cost 
for  a complete  set  of  terminal  components  and  each  unique  module  type. 

4.5.2  Personnel  Criteria/Training 


The  budgetary  estimates  for  CBI  courseware  development  are  based 
on  information  and  recommendations  found  in  section  3.  The  estimate 
of  250  man-hours  per  CBI  hour  was  divided  into  two  components  in  paragraph 
3. 8. 2. 3.  WBS  element  3.01  represents  the  50  man-hours  per  CBI  hour  for 
analysis  and  refinement  of  learning  objectives  (20%  of  total  effort),  while 
WBS  element  3.02  represents  the  200  man-hours  for  design,  implementation, 
debug,  validation,  and  revision  of  lesson  material  (80%  of  the  total  effort). 
Also,  the  costs  associated  with  the  media  support  requirements  identified 
in  paragraph  3. 8. 3. 3 are  included  in  WBS  element  3.02. 

The  following  formulas  were  used  to  derive  the  cost  estimates 
for  CBTS: 


a.  WBS  element  3.01.  Number  of  courseware  development  man-hours/ 
FY  X $/man-hour  = $/FY  x 20% 

b.  WBS  element  3.02.  Nunber  of  courseware  development  man-hours/ 
FY  X $/man-hour  = $/FY  x 80%  + $/media  support 
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c.  Media  support 


For  35ima  color  slide  production,  5 man-hours /I  CBI  hour  x 
number  of  CBI  hours/FY  x $10.00/tnan-hour  = $ FY 

The  number  of  man-hours  per  fiscal  year  Is  shovm  In  Table  3-3  and 
the  number  of  CBI  hours  per  fiscal  year  Is  shown  In  Figure  3-1.  The 
dollars  per  man-hour  are  a function  of  the  organization  that  will  develop 
the  courseware.  Based  on  the  recommendations  in  paragraph  3.12.3.4>  a 
contractor  rate  of  $22.00  per  man-hour  was  used  for  FY77  and  a military 
rate  of  $10.00  per  man-hour  was  used  for  FY78  and  FY79. 

GEOS  will  offer  a 2-week  orientation  course/training  session  on 
CBTS  authoring.  The  estimate  in  WBS  element  3.03  Includes  the  preparation 
and  presentation  of  such  a course  to  courseware  development  personnel. 

The  estimates  for  WBS  element  3.04  were  taken  from  Table  4-2,  Baseline 
CBI  Costs. 

4.5.3  Logistic  Support 

No  support  is  provided  in  WBS  element  5.02.  The  software  struc- 
ture for  CBTS  is  such  that  many  of  the  traditional  functions  are  embedded 
in  the  hardware  modules.  GEOS  will  maintain  the  software  through  use  of 
a maintenance  diskette  to  run  diagnostic  tests  and  identify  failed  modules 
Any  updates  to  the  high-level  authoring  language  will  be  provided  to  the 
user  by  GEOS. 

The  estimates  in  WBS  element  5.03  take  into  consideration  options 
that  are  under  evaluation  by  GEOS.  Potential  improvements  to  CBTS  might 
be  hook-up  to  a central  computer  directly  or  by  modem,  use  of  a touch 
panel,  a supervisor's  monitoring  station,  and  videotape  input. 

4.5.4  Personnel  Support 

The  estimate  for  WBS  element  6.01  is  the  same  as  in  Table  4-2, 
Baseline  CBI  Costs.  The  budetary  estimate  for  CBI  courseware  maintenance 
is  based  on  information  found  in  section  3.  The  number  of  man-hours  per 
fiscal  year  over  the  projected  life-cycle  appear  in  Table  3-4  of  that 
section.  Based  on  the  recommendations  in  paragraph  3.13.1.d  for  Navy 
courseware  maintenance  participation,  a military  rate  of  $10.00  per  man- 
hour was  used  in  the  calculations  for  WBS  element  6.02. 

4.5.5  Hardware  Support 

GEOS  will  support  CBTS  with  the  software  maintenance  diskette  and 
the  hardware  maintenance  panel  under  an  existing  facility  support  contract 

WBS  element  7.01  reflects  the  cost  each  fiscal  year  for  a military 
technician  one  half  of  the  time  to  perform  preventative  maintenance  and 
other  miscellaneous  functions  identified  in  paragraph  3.7.3  of  section 
3.  WBS  element  7.05  is  an  estimate  of  the  cost  to  return  failed  modules 
to  GEOS  for  repair  or  for  replenishment  spares. 
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4.6 


CBI  System  Cost  Comparisons 


In  paragraphs  4.3,  4.4,  and  4.5  the  costs  and  cost  derivation 
methods  for  TICCIT,  PLATO,  and  GETS,  respectively,  were  presented.  It  is 
the  purpose  of  this  paragraph  to  compare  the  costs  of  the  three  system 
candidates.  The  final  goal,  resulting  from  such  a comparison,  is  to  make 
a recommendation  concerning  which  system  is  best  suited  and  most  cost- 
effective  in  meeting  TRIDENT  SWS  laboratory  training  requirements. 

Paragrah  4.6.1  compares  the  nonrecurring  and  recurring  costs  for 
the  three  CBI  system  candidates.  Within  each  of  these  two  broad  categories, 
the  specific  WBS  tasks  and  the  corresponding  cost  elements  are  discussed. 
Finally,  the  total  costs  for  each  of  the  three  systems  over  a life  cycle 
of  10  years  are  compared. 

In  addition,  paragraph  4.6.2  examines  the  relative  system  costs 
under  conditions  other  than  those  defined  for  TRIDENT  SWS  laboratory  training 
in  this  study.  The  purpose  of  this  paragraph  is  to  provide,  in  fairness 
to  each  system,  a more  encompassing  framework  to  discuss  cost-effectiveness. 
It  will  be  noted  that  it  is  not  reasonable  to  generalize,  for  all  CBI 
situations,  about  the  costs  of  a stand-alone  terminal  versus  either  a 
minicomputer  or  network  system  based  only  on  the  methodology  of  this 
study. 

4.6.1  Life-Cycle  Cost  Comparisons 

In  order  to  provide  a useful  summary  of  life-cycle  costs  for  each 
system,  the  fiscal  year  costs  have  been  collapsed,  by  cost  element,  across 
all  10  years.  This  allows  comparison  of  cost  elements  within  a task 
over  the  total  life  of  the  program  at  a glance.  The  prime  differentiating 
factor  of  the  comparisons  is  recurring  and  nonrecurring  costs  and  each 
task  is  in  one  of  these  categories.  Table  4-8  presents  these  costs 
in  thousands  of  dollars  and  the  following  paragrahs  describe  the  compari- 
sons. 


4.6. 1.1  Nonrecurring  Cost  Comparisons 

WBS  task  0002,  Training  Hardware/ Software,  and  WBS  task  0003, 
Personnel  Criteria/Training,  include  all  nonrecurring  cost  elements.  The 
nonrecurring  costs,  related  to  one-time  charges  for  initial  acquisition 
and  implementation  of  the  CBI  systems,  are  a function  of  the  characteris- 
tics and  marketing  policy  of  each  system,  as  can  be  seen  in  Table  4-8. 

The  costing  differences  between  systems  were  described  in  earlier  sections. 


4-24 


Comparative  Cost  Analysis  by  WBS  Task 
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Table  4-8.  (Continued) 
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In  WBS  task  0002,  as  might  be  expected,  the  system  with  the  most 
experience  and  developmental  history  has  the  least  cost  related  to  docu- 
mentation, manuals,  and  hardware  support.  PLATO  reflects  no  costs  in 
elements  2.04,  2.05,  2.07,  2.08,  and  2.09  which  cover  these  areas.  TICCIT 
on  the  other  hand,  being  a relatively  new  system,  requires  more  field 
service  in  order  to  integrate  the  separate  components  for  each  new  system. 
CBTS  represents  the  other  end  of  the  development  scale.  It  is  completely 
new  and  has  not  been  put  into  field  service  yet,  and  therefore,  there 
are  various  forms  of  documentation  and  installation/checkout  costs  which 
are  necessary. 

In  addition,  cost  differences  can  be  noted  in  WBS  elements  2.10 
and  2.12.  These  two  elements  cover  the  procurement  costs  for  terminals 
and  associated  support  components.  For  PLATO,  these  costs  Include  terminals 
only.  For  TICCIT,  the  costs  represent  the  complete  system  Including 
CPUs,  terminals,  display  generators,  and  peripherals.  For  CBTS,  the  costs 
include  13  self-contained  terminals,  processors  and  display  units.  PLATO 
is,  again,  the  least  expensive  since  there  are  fewer  components  at  less 
cost  with  more  production  history. 

In  WBS  task  0003  the  differences  are  not  as  large.  Element  3.01, 
Training  Requirements  Definition,  is  a baseline  cost  equal  for  all  systems. 
Element  3.02,  Curricula  Development,  differs  because  of  associated  media 
costs,  such  as  video  tape,  microfiche,  and  slides,  rather  than  the  CBI 
authoring  per  se.  Here  TICCIT  is  the  most  expensive  because  of  video- 
tape production.  It  has  been  assumed  that  5 minutes  of  videotape  per 
hour  of  CBI  would  be  implemented.  Such  developmental  costs  are  relatively 
high  compared  to  microfiche  and  slides.  Factory  Training,  element  3.03, 
is  also  more  expensive  for  TICCIT  because  there  is  no  "factory"  training. 

An  intensive  on-site  training  effort  is  necessary  to  train  personnel  in 
the  learner  control  method  of  authoring.  There  are  no  differences  in 
element  3.04  because  scheduling,  liaison,  and  monitoring  are  baseline  ac- 
tivities with  equal  costs  for  all  systems. 

To  summarize  the  nonrecurring  costs,  PLATO  is  easily  the  least 
expensive  CBI  system  for  TRIDENT  SWS  training  requirements  as  defined  in 
this  study.  The  main  difference  in  the  PLATO  costs  is  in  the  procurement 
of  the  hardware/sof tware  and  in  the  documentation/ Installation  support. 

4. 6. 1.2  Recurring  Cost  Comparisons 

Recurring  costs  for  each  system  are  shown  on  the  second  half 
of  Table  4-8.  There  are  three  WBS  tasks  within  this  category:  (a)  Task 

0005,  Logistic  Support;  (b)  Task  0006,  Personnel  Support;  and  (c)  Task  0007, 
Hardware  Support.  Task  0006  covers  baseline  activities  that  are  not  a 
function  of  the  CBI  system.  There  are  no  differences  among  the  system 
candidates  for  these  cost  elements. 
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Task  0005  represents  the  logistic  support  necessary  for  soft- 
ware and  hardware.  This  support  may  be  the  result  of  either  inherent  prob- 
lems in  the  system  software  or  hardware  changes  resulting  in  additions 
or  improvements.  The  main  difference  in  costs  under  this  category  is  in 
the  software  maintenance  and  update  projected  for  TICCIT.  Currently, 
the  software  requires  a lot  of  support  due  to  new  system  development  and 
design  of  TICCIT.  While  CBTS  is  also  new,  the  same  costs  are  not 
expected  because  many  software  functions  are  performed  by  the  hardware 
so  the  system  software  is  relatively  simple. 

The  biggest  cost  differences  between  the  three  systems,  however, 
are  in  WBS  task  0007.  This  recurring  hardware  support  category  definitely 
separates  CBTS  from  TICCIT  and  PLATO  as  the  least  expensive  system  for 
TRIDENT  SWS  training.  Element  7.01,  Field  Service,  is  the  major  cost 
difference.  While  PLATO  appeared  relatively  cost-effective  in  the  tasks 
described  above,  the  system  now  becomes  much  more  expensive.  For  PLATO, 
element  7.01  includes  monthly  computer  access  charges,  maintenance  charges, 
and  telephone  line  charges.  These  recurring  costs  are  specific  to  the 
PLATO  architecture — a large  network  system  handling  many  terminals — and 
they  are  not  required  for  TICCIT  and  CBTS.  TICCIT  is  also  much  more 
expensive  than  CBTS.  For  TICCIT,  element  7.01  includes  a yearly  maintenance 
agreement  for  major  system  components  as  well  as  full-time  on-site  personnel 
to  maintain  other  system  components  and  perform  operator  functions.  These 
recurring  costs  are  specific  to  the  TICCIT  minicomputer  configuration 
and  do  not  apply  to  the  CBTS  stand-alone  terminal  configuration. 

4. 6. 1.3  Cost  Comparison  Summary 

Figure  4-1  graphically  illustrates  the  nonrecurring  costs  for 
PLATO,  TICCIT,  and  CBTS  over  the  projected  10-year  life  cycle.  Of  the 
three  candidates  evaluated,  CBTS  is  the  most  cost-effective  system  to 
meet  the  training  requirements  as  defined  in  this  study.  In  section  3, 

CBTS  was  also  judged  to  be  the  best  system  in  functional  capabilities  to 
meet  the  training  requirements.  The  decision  for  selecting  a CBI  system 
seems  clear.  Given  the  criteria  that  the  CBI  system  must  meet  the  train- 
ing requirements  in  a cost-effective  manner,  CBTS  is  the  recommended  can- 
didate for  TRIDENT  SWS  training. 

4.6.2  Cost  Comparison  Generalizations 

The  costs  presented  here  were  based  on  the  requirement,  as  defined 
in  this  study,  to  alleviate  laboratory  overloads  for  TRIDENT  SWS  training. 
Care  should  be  taken  in  generalizing  the  results  and  recommendations  across 
other  training  requirements.  The  results  here  should  not  be  taken  as  an 
Indictment  of  any  CBI  system.  These  results  are  case  specific  to  the  needs 
of  SWS  laboratory  training. 
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COSTS 

(IN  THOUSANDS 
OF  DOLLARS) 


LIFE-CYCLE 
(BY  FISCAL  YEAR) 


Figure  A-1.  Comparative  cost  analysis  over  system  life  cycle. 
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To  illustrate  this  further,  a graph  has  been  prepared  which  re- 
presents the  costs  under  conditions  other  than  those  determined  in  this 
study.  In  particular,  the  graph  demonstrates  the  resulting  costs  when  the 
number  of  terminals  increases  from  the  13  projected  for  SWS  training  at 
TRITRAFAC  to  24,  32,  64.  These  costs  reflect  only  the  nonrecurring  ring 
procurement  costs  in  WBS  element  2.10,  Non-Tactical  Equipment. 

As  Figure  4-2  illustrates,  PLATO  now  becomes  more  expensive  than 
TICCIT  with  up  to  64  terminals.  It  should  be  noted,  however,  that  this 
trend  could  possibly  reverse  again  if  the  number  of  terminals  is  carried 
out  to  200,  500,  or  1000  because  PLATO  is  prepared  to  handle  these  larger 
numbers;  whereas,  a complete  TICCIT  system  must  be  purchased  for  every 
128  terminals  since  that  is  its  maximum  capability.  It  should  be  noted 
that  CBTS  system  costs  increase  sharply  when  compared  to  the  other  two 
systems  as  the  number  of  terminals  increases.  The  reason  is  simple. 

Both  PLATO  and  TICCIT  are  designed  to  control  a larger  number  of  terminals 
than  the  13  required  for  TRITRAFAC  SWS  training.  It  is  in  the  larger 
terminal  requirements  that  they  become  cost-effective  systems. 

It  should  also  be  noted  that  Figure  4-2  illustrates  costs  for 
only  one  element.  To  obtain  a more  complete  costing  picture,  it  would  be 
necessary  to  take  into  account  many  other  cost  factors,  including  number 
and  distances  of  terminal  sites,  purchase  of  a complete  PLATO  system, 
purchase  versus  lease  of  terminals,  total  personnel  support,  and  amount 
of  courseware  development. 

4.7  CBI  System  Growth  for  Laboratory  Training 

The  number  of  CBI  courseware  hours  recommended  for  implementa- 
tion in  section  2 were  predicated  on  projected  laboratory  maintenance 
downtime  and  laboratory  scheduling  problems.  The  hours  allocated  for 
these  two  activities  were  considered  to  be  liberal  and  not  representa- 
tive of  lost  laboratory  training  time.  Instead  they  represented  a cushion 
for  training  time  in  the  laboratory  beyond  the  2,526  hours  per  year  de- 
termined available.  However,  this  is  a judgment  and  TRITRAFAC  experience 
may  show  this  is  not  the  case.  Sufficient  time  will  be  available  to  identify 
the  need  for  more  CBI  hours  in  the  three  overloaded  laboratories  and  to 
evaluate  the  CBI  training  requirements.  Records  of  maintenance  and 
scheduling  should  be  monitored  to  allow  a rational  and  experience-based 
decision  if  this  occurs.  Recommendations  for  additional  CBI  amenable 
topics  beyond  the  64.25  hours  suggested  for  immediate  development  were 
presented  in  section  2. 

It  is  also  possible  that  CBI  should  be  implemented  for  Navigation 
Training.  An  analysis  of  Sperry  supplied  data  on  student  throughput  and 
projected  utilization  factors  may  indicate  overloads  in  the  Navigation 
laboratories  that  could  be  alleviated  by  CBI.  Such  an  analysis  was  be- 
yond the  scope  of  this  study,  but  it  might  be  necessary  in  the  future. 
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Figure  4-2.  Cost  Impact  of  increasing  the  number  of  terminals 
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There  are  other  factors  inherent  in  the  TRIDENT  program  which  could 
increase  the  number  of  CBI  hours  required  for  SWS  laboratory  training  at 
TRITRAFAC.  For  example,  if  more  TRIDENT  SSBNs  are  built  or  SSBN  deploy- 
ment schedules  change  the  training  laboratories  could  be  affected.  If 
such  events  occur  CBI  system  utilization  will  need  to  be  re-evaluated. 

Additional  terminals,  or  other  hardware/ software  components,  are 
probably  not  required  for  potential  growth.  This  is  because  the  terminals 
will  be  under -utilized  as  demonstrated  in  section  2,  after  the  64.25  CBI 
hours  are  developed.  The  factors  driving  the  number  of  terminals  were  the 
size  of  a replacement  class,  12  students,  and  the  desire  not  to  disturb 
scheduling  by  breaking  a class  up  for  CBI.  It  should  be  possible  to  schedule 
a great  deal  more  CBI  on  the  12  terminals, 

4.8  CBI  System  Growth  for  Other  Functional  Applications 

Listed  in  order  of  importance  and  coverage  in  this  section, 
the  possible  growth  of  new  functional  applications  are:  (a)  classroom 

training,  (b)  computer-managed  instruction  across  all  SWS  training,  (c) 
instruction  and  instructional  management  of  low  volume  courses,  and  (d) 
support  of  the  Personnel  Training  and  Evaluation  Program  (PTEP).  Of  these, 
the  last  two  offer  equal  potential  and  the  most  benefit  to  TRIDENT  SWS 
training. 

4.8.1  Classroom  Training 

A variety  of  media  are  used  in  SWS  classroom  training — including 
text  references,  slides,  audio,  and  films.  Therefore,  there  is  reason 
to  believe  that  CBI  could  also  be  used  as  an  adjunct  media  to  classroom 
training.  CBI  could  be  used  for  such  purposes  as  introductions,  reviews, 
drill-and-practice,  summaries,  and  testing.  However,  the  application  of 
CBI  as  an  adjunct  to  classroom  training  is  probably  a lower  payoff  area 
than  the  other  possible  functional  applications. 

4.8.2  Computer-Managed  Instruction 

The  purpose  of  computer-managed  instruction  (CMI)  would  be  to 
monitor,  test,  diagnose,  and  prescribe  a student’s  instruction.  CMI  is 
especially  useful  in  an  individualized  instructional  environment.  However, 
most  instruction  at  TRITRAFAC,  including  the  replacement  training  courses 
selected  for  CBI  in  this  study,  are  necessarily  lockstep  because  they  are 
a combination  of  classroom  and  laboratory  training  in  which  scheduling 
is  necessary  to  achieve  desired  training  times.  The  savings  obtained  by 
CBI  can  be  significant  in  terms  of  student  time  (possibly  30%  reduction 
in  time  to  train  over  all  students),  decreased  Instructor  ratios,  and 
Increased  proficiency.  Therefore,  CBI  should  be  looked  into  further  at  a 
later  time  in  the  TRIDENT  training  program.  There  are,  however,  some 
areas  where  CMI  could  be  used  immediately.  These  are  in  low  volume  courses 
discussed  next. 
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4.8.3 


Instruction  and  Management  of  Low  Volume  Courses 


Most  training  at  TRITRAFAC  has  a sufficient  volume  of  students 
planned  and  scheduled  to  determine  complete  classes.  This  is  true  of 
most  replacement,  advanced,  and  conversion  training.  However,  there  are 
other  lower  volume  training  areas,  such  as  officer  and  possibly  some  inter- 
mediate level  maintenance  training,  where  students  may  not  be  as  predic- 
table for  entry  dates  or  numerous  enough  to  establish,  cost-effectively, 
a "class.” 


In  particular,  the  introduction  of  TRIDENT  SSBNs  presents  a new 
problem  to  SWS  training.  That  is,  the  possibility  of  having  to  train 
personnel  from  TRIDENT  or  POSEIDON  C-4  and  D-5  programs  in  another  one 
of  the  same  programs.  In  these  cases,  the  amount  and  t3rpe  of  training 
will  vary  by  experience  of  the  student. 

One  possible  way  to  handle  such  cases  is  through  a combination  of 
CMI  and  CBI  simulation  or  tutorials.  By  doing  so,  the  individuals  will 
not  require  special  classes  per  se,  can  be  monitored  and  managed  with 
less  expense  than  by  assignment  of  instructors  in  many  cases,  and  should 
take  less  time  to  train  becuase  the  instruction  can  be  designed  to  take 
into  account  what  the  student  already  knows. 

4.8.4  Personnel  and  Training  Evaluation  Program 

PTEP,  as  one  of  the  major  elements  in  the  FBM  Weapon  System 
Training  Program,  is  the  means  by  which  the  reset  of  the  program  is 
evaluated.  There  are  three  major  elements  within  PTEP:  (a)  testing, 

(b)  non-test  data  collection  for  validity  studies  and  crew  evaluation, 
and  (c)  evaluation  of  both  test  and  nontest  data.  The  evaluations  then 
allow  external  reports  to  be  generated  which  assist  commands  in  increasing 
personnel  performance  capabilities  and  implementing  improvements  to  the 
training  program. 

The  main  area  where  CBI  can  be  of  benefit  in  PTEP  appears  to  be 
the  testing  element.  Testing  is  currently  supported  by  EDP  equipment, 
but  this  could  be  improved.  Knowledge  tests  and  some  skill  tests  could  be 
given  by  a CBI  system  and  graded  imramediately.  Currently,  the  tests 
are  administered  with  paper  and  pencil  and  test  item  responses  are  fed 
to  a central  site  via  teleprocessing  from  optical  scanning  devices. 

In  the  case  of  Course  Achievement  Tests  (CATS) , used  to  measure 
trainee  comprehension  in  a given  course,  instructors  currently  must  use 
a manual  key  to  determine  the  score  for  a student  immediately.  CBI 
can  accomplish  this  function  without  requirements  on  the  instructor's 
time  to  provide  immediate  feedback  to  the  student  and  instructor.  Further- 
more, test  versions  can  be  generated  by  the  CBI  system  if  desired. 
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APPENDIX 

FCSU  HOURS  SELECTED  FOR  CBI 


A-0 


FCSU  Hours  Selected  for  CBI 


TRAINING 

LEVEL 


ACTION  ITEMS 
(TOS'S) 


cowtr6l  and  pispuy  subsystem  (CDSS) 


INSTRUCTION 

DESCRIPTION 


SIMULATION 

REQUIREMENTS 


POSSIBLE  CBI 
STRATEGY (S) 


TERMINAL 

ITEMS 


01 


(3  hrs] 


1.1  P*rfoni  nonuil  opera- 
ting procaduraa  for 
res  for: 

a.  SQ  llnaupt 

b.  WRST 

c.  Tactical  Launch 


02 


(4  hra) 


1.1  Perform  all  normal 
operating  procaduraa 
without  aupervlaloii 
and  casualty  proca- 
durea  for  all  condl- 
tlona  of  raadlneaa 
with  tuparvlalon 


2.1  Parform  povar-on  opera- 
tions and  normal  proce- 
dures In  the  following 


a.  Tactical 

b.  Dunny 

c.  Twig 

d.  Twlgl 

e.  Twog 

f.  Twogl 

g.  Data  entry 

h.  Standby 

For  each  condition  of 
raadlnasB  In  accordance 
with  authorised  docu- 
mentation during  normal 
operations  In  each  con- 
dition of  readiness. 

This  Instruction  focuses 
at  unfaulted  tactical/ 

CIO  operational  sequencas 
of  the  PCS  as  displayed 
on  the  Firs  Control  Con- 
sole (FCC) 


3.1  Equipment  to  Operator 

a.  Actuator/Indicators 

b.  llluminstlon  of  (a) 

c.  Print  readout 

d.  Key  actuated  switch 
a.  Thumbwheel  switches 

f.  Digital  readout 

g.  Kultipoaltlon  rotary 
switches 


2.1  Perform  all  Casualty 
Procedures  (CP’s)  Imae- 
dlate  and  deferred 
actions  and  all  Weapon 
Operation  Procedures 
(WOP's) 

During  modes  of  opera- 
tion (listed  In  2,1,  01 
level)  In  accordance 
with  authorised  docu- 
mentation to  ensure 
unlnterruptad  tactical 
flow.  Discrimination 
should  be  stressed 
between  Indicator  and 
operational  faults. 


3.2  Operator  to  Equipment 

a.  Physical  nanipulstlon  of 
3.1  except  3.1  (c) 

b.  Analysis  of  3.1  (c) 

c.  Operator  coordination 
between  components 
listed  In  4.1 


3.3  Equipment  to  Equipment 

a.  PTR  to  SCPA 

b.  Power  Control  Panel  to 
SCPA 

c.  Firing  Key  Assembly  to 
SCPA 

d.  Missile  Esiergency  Alarm 
to  SCPA 

e.  TOD  Control  and  Display 
panel  to  SPCA 

f.  Condition  of  readiness 
and  modes  to  SCPA 

g.  Navigation  to  PCS 

h.  Guidance  (launch)  (24) 
to  FCS 

1.  TMPS  to  FCS 

j.  OAC  to  FCS 

k.  MTRE  MK6  4 7 to  FCS 

l.  LCC  to  FCS 

m.  FC  switchboard  to  FCS 
3.1  Equipment  to  Operator 

a.  Same  as  01  level  with 
Insertion  of  specific 
casualty  problems 

b.  Status  report  Input 


3.2  Operator  to  Equipment 

a.  Same  as  01  level  with 
Insertion  of  specific 
casualty  problems 

b.  Response  to  3,1  (b) 


3.3  Equipment  to  Equipment 

s.  Same  as  01  level  with 
Insertion  of  specific 
casualty  problems 


4.1  Equipment  Simulation 

a.  Power  control  panel 

b.  Fire  Key  Assembly 

c.  Missile  Esiergency 
Alarm 

d.  System  Printer  (PTR) 

e.  Supervisor's  Control 
Panel  Assembly  (SCPA) 

(1)  Prime  Mode  Section 

(2)  Secondary  Mode 

(3)  Status 

U)  Configuration 

(5)  Console,  OAG,  and 
Printer  Report 

(6)  Missile  Status 

(7)  Station  Report 
(6)  Denote  1 wd  2 
(9)  MTRE  select 

(10)  Launch  control 

(11)  Prapare 

f.  Time  of  Day  Control 
and  Display  panel 

g.  Print  readout 

h.  Olaplay  of  SCPA  and 
print  readout 

1.  Provide  for  at  least 
4 colors  on  actuator/ 
Indicators 

j.  Provide  for  s range  of 
alphanumeric  values 

4.2  Operator  Interface 

s.  Provide  for  movable 
switching  positions 

b.  Provide  for  appro- 
priate color  and 
llluminstlon 

c.  Provide  for  operator 
Input 

d.  Provide  for  Weapon 
Officer  simulation 


High  Resolution 
Dynamic  graphics 
and  Plctoral 
Display 


4.3  EqulPieent-to-Equlpment 

Simulation 

a.  Provide  for  real  time 
responses 

b.  Provide  for  proper 
sequencing 

c.  Ensure  coeipatlbllity 
with  documentation 


Color  or  color 
indication 


Dynamic  graphics 

Color  or  color 
indication 

Touch  or  Stylus 
response  devices 


Fast  response 
time 

Terminal  aids 
to  authoring 
and  editing 


4.1  Equipment  Simulation 

a.  Same  ss  01  level  with 
Insertion  of  specific 
casualty  problema 

b.  Audio  reports  fnea 
other  areas  In  the 
PC  system 

4.2  Operator  Interface 

a.  Same  as  01  level  with 
Insertion  of  specific 
casualty  problcM 

b.  Acknowledgement  of 
4.1  (b)  and  appropri- 
ate actions 

4.3  Equipment  to  Equipment 

Slmulstlon 

a.  Same  as  01  level  with 
Insertion  of  specific 
casualty  problems 


Saatc  as  01  level 

Simulate  audio 
mesaages  througl 
text  display 


Same  aa  01  level 
Keyboard 


Same  as  01  level 


A-l 


Conjirol  and  Display  Subsystem  (Continued) 


TRAINING 

LEVEL 


(1  hr) 


ACTION  ITEMS 
(T0S*8) 


l.l  Perform  preventive 

Milntenmnce  proccdurea 
vltb  aupervlalon  on 
Fire  Control  Cooeole 
(FCC)  In  accordance 
with  docuBMOtatlon 


(1  hr) 


INSTRUCTION 

DESCRIPTION 


2.1  Farform  baalc  pravantlva 
•alntananca  procaduraa  as 
praaantad  in  tha  SKP/SOP, 
Including  operational 
taet  procadurec  as  re> 
qulrad  hy  applicable 
documentation.  Thla 
aectlon  entella  only  tha 
uaa  of  tha  documentation 
on  PM  and  operational 
taatlng  procadurea  for 
repreecntatlva  malntan- 
anca  problema. 


1.1  Perform  bcalc  feult 
laolatlon  and  minor 
repair  with  aupar- 
vision 


(.1  Recognise  and  Interpret 
Indication  of  malfunc- 
tions and  perform  baalc 
fault  Isolation  proca- 
duraa contained  In  pre- 
arlbed  documentation. 
This  instruction  la 
focused  at  relay  and 
modxile  failure 


1.2  Perform  operational 
testa  for  beslc  cor- 
rective maintenance 


1.1  Use  teat  equipment 
required  for  beslc 
corrective  mclntenenc« 


2*2  Parform  alignment,  ad- 
justment or  calibration 
procedures  end  operational 
testa  for  baalc  correc- 
tive malntenanca  In 
cccor denes  with  documen- 
tation. The  Instruction 
at  thla  point  atraaaes 
operational  testing  vhlch 
should  not  differ  greatly 
from  tha  baalc  firactlons 
provided  In  2.1 


2.3  Perform  poet-rapelr  pro- 
cedures In  accordance 
with  documentation 


2.4  Use  test  equipment  ra- 
qulrad  for  bealc  cor- 
rective melntcnancc  in 
accordance  with  docu- 
mentetlon  for  specific 
repair  situations 


SIMULATION 

REQUIREMENTS 


POSSIBLE  CBI 
STRATEGY (S) 


3.1  Equipment  to  Operator 

a.  Same  as  02  level 

b.  Graphics  and  pictorial 
rcpreecntetlon  of  equip- 
ment and  procaduraa 


3.2  Operator  to  Equlpm^t 

a.  Smm  as  02  level 

b.  Ability  to  direct  PM  pro- 
cedurec  and  operctlonal 
teat  procadurea 

3.3  Equipment  to  Equipment 

a.  Seme  as  02  level 

b.  Associated  test  equipment 
to  FCC  compenente 

3.1  Equipment  to  Operator 

a.  Same  aa  PI  level 

b.  Associated  teat  aqulpment 

c.  FCC  components 

(1)  Type  3 modules 

(2)  Projection  display 

(3)  Switch  dlapley 
modules 

(4)  Lamps 


3.2  Operator  to  Equipment 

c.  Same  aa  PI  level 
b.  Provide  for  operator 
coordination  between  FCC 
components  and  asaocieted 
teat  equipment  functions 


3.3  Equipment  to  Equipment 

a.  Same  aa  PI  Icval 

b.  FCC  components  for 
easoclatad  equipment 

3.4  Equipment  to  Operator 

a.  Same  cs  3.1 

b.  FCC  componente 

3.5  Operator  to  Equipment 

a.  Same  as  3.2 

b.  Provide  for  oparetor 
coordination  betwaen  FCC 
components  and  aaaoclatad 
teat  equipment  functions 

3.6  Equipment  to  Equipment 
a.  Same  aa  3.3 


3.7  Equipment  to  Operator 
a.  Same  as  3.4 

3.8  Operator  to  Equipment 
a.  Seme  ae  3.5 

3.9  Equipment  to  Equipment 
e.  Same  ea  3.3 

3.10  Equipment  to  Operator 

a.  Same  aa  3.4  with  Inser- 
tion of  epaclflc  repair 
problame 

3.11  Operator  to  Equipment 

a.  Seme  aa  3.5  with  Inser- 
tion of  epaclflc  repair 
problams 

3.12  Equipment  to  Equipment 

a.  Same  ae  3.3  with  Inner-  1 
tlon  of  apaclflc  problems 


4.1  Equipment  Simulation 

a.  Demonstration  of 
hande-on  application 

b.  Aaaocietad  teat 
equipment 

c.  Interior  components  of 
FCC 

d.  ITOP 

a.  Printer 

4.2  Oparetor  Interface 

a.  Interrogation  by 

operator  of  pertinent 
documentation  and 
procedures 

4.3  Equlpment-to-Equlpment 

Slmuletlon 

4 

a.  Same  ee  02  level 


4.1  Equipment  Simulation 

e.  Same  ea  PI  levsl 

b.  Simulate  eaaoclated 
last  aqulpment  panala 
end  appropriate  read- 
ings corresponding  to 
documented  paremetara 

c.  Provide  for  both 
graphic  and  pictorial 
represcntetlonc  of 
FCC  components 

d.  ITOP 

e.  Prints r 

4.2  Operator  Interface 

a.  Same  ae  PI  level 

b.  Provide  for  both 
graphic  and  pictorial 
repreaentetlona  of 
FCC  components  and 
aaaoclatad  teat  equip- 
ment and  dual  display 

4.3  Equipment-to-F.qulpmenc 
Simulation 

a.  Seme  ea  02  level 


4.4  Equipment  Simulation 
c.  Sams  aa  4.1 

4.5  Operator  Interface 
a.  Seme  ea  4.2 


4.6  Equlpment-to-Equlpment 
Simulation 

c.  Seme  ee  4.3 

4.7  Equipment  Slmuletlon 
e.  Same  ea  4.1 

4.8  Operator  Interface 
a.  Same  aa  4.2 

4.9  Equl pment-to-EquiPwrnt 
Simulation 

e.  Same  ea  4.3 

4.10  Equipment  Simulation 
e.  Same  ea  4.1 

4.11  Operator  Intarfara 
a.  Same  ea  4.2 


4.12  r.qulpment-to-F.qulPment 
Simulation 

a.  Same  aa  4.3 


TERMINAL 

ITEMS 


Same  ee  01  level 


Same  ea  02  level 


Seme  cs  02  lew] 


Seme  ee  01  level 


Same  ee  02  level 


SoBir  ae  01  level 


Same  ae  02  level 


Serna  as  02  level 


Same  cs  01  level 


Same  ea  01  level 


Seme  aa  02  level 


Seme  ea  01  level 


Seme  aa  01  level 


Seme  aa  02  level 


Seme  aa  01  level 


A-2 


Test  Control  and  Display  Subsystem  (TCDSS) 


TRAINING 

LEVEL 


ACTION  ITEMS 
(TOS*#) 


01 


(1  hr) 


1.1  farfoni  non&l 

oparatlng  procaduraa 
for  TCDSS  for  «U 
ctoto  vich  supor* 


2.1 


ViOlOrj 


INSTRUCTION 

DESCRIPTION 


SIMULATION 

REOOIREKENTS 


POSSIBLE  CBI  TERMINAL 

STRATEGY  (S)  ITEMS 


In  mlnalln  toot,  flra 
control  tost,  and  futa 
toot  nodaat  parfom  tha 
folloirlng  appropxiata 
•cclTltlaai 

a.  Switch  clear 

b.  Equlpnant  aalact 

c.  Toat  ao^uanca 

d.  KSL  and  guldanca  GR 
taat  aalact 

a.  Flra  control  CR  taat 

aalact 

f.  Taat  (nuiN)ar)(  aalact 
and  taat  nuaibar  claar 

g.  NSL  and  guidoaca 
ayatan  taata 

h.  Flra  control  taata 
1.  Frlntar  taat 

j.  Control  logic  taata 

In  accordanea  with 
authorlxad  docunontatloo 
during  normal  oparatloaa 
with  aupanrlalon 


3.1  E«iulppgp^.  to.Oparptqr 

a.  Actuator/lndlcatora 

b.  Illumlnatlott  of  (a) 

c.  Print  roodout 


4.1  Eoulpnaat,  SlJuUUon 


b. 


c. 


d. 


Simulata  tha  follow- 
ingt 

<1)  Toat  group 
aalact  group 

(2)  Toot  aalact  group 

(3)  BgulpoMnt  aalact/ 
atotua  group 

(4)  Toat  control/ 
atatua  group 

(5)  Node  and  DCC 
aalact  actuator/ 
indicator 

Slnulata  the  follow- 
ing on  prlntar  (PUT) 

(1)  Control  ponal 

(2)  Print  raodout 
Dlaplay  of  ITOP  and 
prlntar/ PKT  readout 

Provlda  for  at  loaat 
4 colon  on  actuator/ 
Indlcatora 
Provlda  for  a r«aga 
of  alphonunaiic 
voluaa 


High  Raoolotlon, 
Graphica  and 
pictorial  repro- 
aantatlona 


High  Raaolutlon. 
Graphica  and 
pictorial  rtpro- 
aantatlona 
Dlaplay  both 
ponala  ainul- 
tanaoualy 
Color  or  color 
Indication  capa- 
bility 


02 

(1  hr) 


1.1  Parform  all  normal 
oparatlng  procoduraa 
without  auparvlalon 
and  eaauolty  proco- 
duraa  with  auparvlalon 


2.1  Parform  all  normal  and 
coaualty  oparatlona  on 
ITOP  utlllalng  all 
caaualty  procaduraa 
(CP* a)  Imnadlato  and 
dafarrad  act Iona  and 
all  woapona  oparatlona 
procaduraa  (NOP'a) 


3.2  Operator  to  Foulpmant 


4.2  Operator  Intetfica 


a.  Phyalcol  oMnlpulatloa 
of  3.1  (a)  and  (b) 

b.  Analyala  of  3.1  (c) 


a.  Provlda  for  movabla 
awltchlng  pooltiona 

b.  Provlda  for  appro- 
prlata  color  and 
llliiml  nation 

c.  Provlda  for  operator 
Input 


Dynaodc  graphica 

Color  or  color 
Indication  capa- 
bility 

Touch  or  otylua 
reaponaa  davlcaa 


3.3  EqulPoiant  to  Eculoment 

a.  Prlntar  (PUT)  to  HOP 

b.  Proper  doctoMntatlon 

c.  Navigation  to  PCS 

d.  Guldanca  (24)  to  PCS 

a.  Guldanca  chackout  facil- 
ity to  no? 

f.  Conmand  oa<tuencar  to  PCS 

g.  IMPS  to  PCS 

h.  OAC  to  PCS 
1.  DCC  to  PCS 

j.  MISS  to  PCS 

k.  MCTS8  to  PCS 

l.  MTIE  7 to  PCS 

m.  PC  ovltchboard  to  PCS 

n.  LCC  to  PCS 


4.3  Eaulpment-to-lQulomant 
Simulation 


a.  Provide  for  real  time 
raeponaea 

b.  Provlda  for  proper 
aequmclng 

c.  Enaure  compatibility 
with  doctOMOtatlon 


Poet  raeponsa 
time 

Terminal  alda  to 
authoring  and 
odltlog 


3.1  Equipment  .jo  Opera^gr 


4.1  |<t\t.l|»mant.  ilmOetJon 


a.  Some  ao  01  level 
with  inaartlon  of 
apeclflc  caaualty 
problema 

b.  Statue  report  Input 


a.  Some  oe  01  level 

b.  Audio  raporta  from 
relevant  areas  of 
PC  ayatan 


Some  os  01  level 

Simulate  audio 
mcasagoa  via  text 
dlaplay 


3.2  Operator  to  Equipment 


4.2  Operator  Intarfaca 


a.  Some  as  01  level  with 
insertion  of  apeclflc 
casualty  problems 

b.  Responss  to  3.1  (b) 


s.  Some  aa  01  level 

b.  Acknowladg»ent  of 
4.1  (b)  ud  appm- 
piiata  actlona 


Some  os  01  level 

Keyboard  or  other 
reaponse  input 


3.3  Equipment  to  Equipment 

e.  Some  os  01  level  with 
Insertion  of  specific 
casualty  problems 


4.3  Eoul pmsnt -to- Equipment 

SliaAetloa 

s.  Some  as  01  level 


Some  os  01  level 


A-3 


Test  Control  and  Display  Subsystem  (TCDSS) 


TRAINING 

LEVEL 

ACTION  ITEMS 
(TOS’s) 

INSTRUCTION 

DESCRIPTION 

SIMULATION 

REQUIREMENTS 

POSSIBLE  CBI 
STRATEGY (S) 

TERMINAL 

ITEMS 

Cl 

(1  hr) 

1.1  Perform  basic  isola- 
tion and  minor  rspslr 
on  TCDSS  with  supsr- 
vislon 

2.1  Rscognise  and  intarprat 
indications  of  ITOP  mal- 
functions by  use  of  ITOP 
and  PTR  and  perform 
basic  fault  Isolation 
procedures  In  suthorlzsd 
docianentatlon.  This 
Instruction  is  focused 
St  nodule  failure  and 
entails  ths  use  of  ITOP 
to  run  sslf-diagnostic 
readiness  tsats.  print 
readouts  of  faults,  and 
module  raplscement 

3.1  Equipment  to  Operator 

a.  Same  as  02  level 

b.  Type  3 nodules 

c.  Projection  display  units 

d.  Switch  display  modules 

e.  Lamps 

4.1  Equipment  Simulation 

a.  Same  as  02  level 

b.  Interior  ITOP  cost 
ponsnts 

c.  Module (a)  placement 

d.  Projection  display 
unite 

e.  Lamp  rsplacament  In 
switch  display  module 

f.  Lamp  replacement  in 
projection  display 
module 

g.  Insert  for  both 
graphic  and  pictorial 
repreaentation  of 
ITOP  interior  compo- 
nents 

Sams  as  01  level 

Dynamic  graphics 
and  pictorial 
represent at  ions 
with  color  or 
color  indication 

3.2  Operator  to  Equipment 

4.2  Operator  Interface 

a.  Same  as  02  level 

b.  Extraction  and  insertion 
of  3.1  (b)  through  (e) 

c.  Provide  for  operator 
coordination  between 
ITOP  components,  asso- 
ciated ITOP  maintenance 
displsya.  and  print 
readout 

a.  Same  as  02  level 

b.  Interrogation  by 
operator  of  equipment 
condition  and  per- 
tinent documentation 
and  procedures 

Same  as  01  level 

3.3  Equipment  to  Equipment 

4,3  Equlpment-to- Equipment 

a.  Same  as  02  level 

b.  Modules  to  ITOP 

c.  Projection  display  units 
to  ITOP 

d.  Lamps  to  switch  display 
module 

e.  Lamps  to  projection 
display  module 

Simulation 

a.  Same  as  02  level 

Same  as  01  level 

2.2  Perform  operational/ 

3.4  Equipment  to  Operator 

4.4  Equipment  Simulation 

rslisbllity  tests  for 
basic  corrsctlvs  main- 
tenance in  accordance 
with  authorized  docu- 

a. Same  as  2.1  Cl 
3.3  Operator  to  Equipment 

a.  Same  as  2.1  Cl 
4.5  Operator  Interface 

Sams  as  01  level 

mentation.  This  in- 
atruction  is  similar  to 
those  operations  con- 
tained in  2.1 

a.  Same  as  2.1  Cl 
3.6  Equipment  to  Equipment 

a.  Same  as  2.1  Cl 
4.6  Equlpment-to-Equipeent 

Same  as  01  level 

a.  Same  as  2.1  Cl 

Simulation 
a.  Same  as  2.1  Cl 

Same  as  01  level 

I'l 

(1  hr) 


1.1  Perform  normal 

operating  procaduraa 
on  PRTSS  In  accord- 
ance with  authorixad 
documentation 


Printer  Subsystem  (PRTSS) 


2,1  Perform  power-on  opera- 

3.1 Equipment  to  Operator 

4.1  Equipment  Simulation 

tions  and  normal  opera- 
ting procedures  in 

a.  Actustor/indicatora 

a.  Simulate  control 

High  Resolution 

accordance  with  author- 

b. Illumination  of  (a) 

penal 

ized  documentation 

c.  Print  read  out 

b.  Motor  on  and  illu- 

Graphic and 

mination  controls 

pictoral  capa- 

c. Simulate  paper  moving 

bility 

d.  Provide  for  at  least 

Dynamic  graphics 

4 colors  on  actuator/ 

Color  or  Color 

indicators 

Indication 

a.  Provide  for  a range 

Progmmabla 

of  alphanumeric 
values 

Symbols 

3.2  Operator  to  Equipment 

4.2  Operator  Interface 

a.  Physical  manipulation  of 

a.  Provide  for  movable 

Dynamic  graphics 

3.1  (n)  and  (b) 

switching  positions 

b.  Analyala  of  (c) 

(key,  toggle) 
b.  Provide  for  appro- 

Color or  color 

priate  color  and 
Illumination 

indication 

c.  Provide  for  operator 

Touch  or  Stylus 

input 

raaponse  device 

J.3  Equipment  to  Equipment 

4.3  Equlpment-to-Equlpment 

Simulation 

a.  Power  to  PRT 

b.  Paper  advance  to  speed 

a.  Provide  for  raal/timr 

Fast  response 

of  paper 

reaponsea 

time 

c.  Paper  motion  to  motor 

b.  Provide  for  proper 

Terelnnl  aids  to 

on  switch 

aaquancing 

authoring  and 

d.  self  taat  to  print  read 

c.  Ensure  compatibii ity 

editing 

1 

out 

with  documentation 

1 

A-4 


Printer  Subsystem  (PTRSS)  (Continued) 


TRAINING 

LEVEL 

ACTION  ITEMS 
(TOS*») 

INSTRUCTION 

DESCRIPTION 

SIMULATION 

REQUIREMENTS 

POSSIBLE  CBI 
STRATEGY (S) 

TERMINAL 

ITEMS 

PI 

(1  br) 

l.l  Perfom  preyentiv* 

Milntananca  procadures 
with  •uparvialon  on 
PRTSS  In  accordanca 
vich  docunencacion 

2.1  Per  fora  basic  prevenclvs 

3.1  Eouinvent  to  Operator 

4.1  Eeulonant  Simulation 

amincananca  procaduras 
on  the  prlncar  (PTS)  aa 
presented  in  cha  SMP/SOP, 
Including  operational 
teat  procadurae  as  xf 
((uirad  by  applicable 
docisaentation.  THls 
section  entails  only  the 
use  of  documentation  on 
PM  and  opcrationnl  test* 
Ing  procedures  for 

s.  Smm  as  01  level 
b.  Crsphlcs  and  pictorial 
reprcaentation  of 
equipment  and  procedures 

3.2  Operator  to  Coulpmettt 

a.  0eiK>ns  tret  ion  of 
handa-on  application 

b.  Simulation  of  cir- 
cuit brasher  switches 

c.  Associated  teat 
aquipsMkot 

d.  Intamal  components 
of  PIT 

4.2  Operator  Interface 

Same  aa  01  level 

raprasentativc  awintan>> 
ancc  probleee. 

a.  Same  as  01  level 

b.  Ability  to  direct  PK 
procaduras  «d  opera** 
tional  teat  equipment 

a.  Same  aa  01  level 

b.  Interrogation  by 
operator  of  pertinent 
documentation  and 
procedures 

Seme  aa  01  level 

3.3  Equipment  to  Equipment 

a.  SasM  as  01  level 

b.  Power  to  circuit  breaker 
Bvi  tehee 

e.  Associated  teat  equipewnt 
to  PRT  components 

4.3  Equipmen^«^q-|qqjipaenq 
Simulation 

a.  Same  aa  01  level 

Same  aa  01  level 

Time  of  Day  Subsystem  (TODSS) 


01 

1.1  Perform  normal 

2.1  Perform  normal  operating 

3.1  Equipment  to  Operator 

4.1  Equipsmnt  Simulation 

/I  Vk*-  \ 

oparationa  on  TCX)SS 

procadurae  on  time  of 

(1  hr; 

with  auperviaion  and 

day  (TOO)  Control  and 

a.  Multlpoaltlon  rotary 

a.  TOD  Omtrol  and 

High  Reaolution 

la  accordance  with 

Diaplay  panel  in  accord- 

evi  tehee 

Diaplay  panel 

authorlied  decuaicnta- 

anca  with  authoriced 

b.  Keylock  ewitch 

b.  Provide  for  a range 

tlon 

documentation 

c.  Puahbutton  evltchea 

of  alphmumerlc 

d.  Thusd>wheal  ewltchea 

valuea 

e.  Decimal  indicatora 

e.  Provide  coordination 

Dynamic  graphica 

between  Input  of 

for  display 

data  and  display 

changea 

output 

3.2  Operator  to  Equipment 

4.2  Operator  Tnterfaca 

a.  Phyaicel  manipulation  of 

a.  Provide  for  movable 

Dynamic  graphica 

3.1  (a)  through  (e) 

switching  positions 

b.  Provide  for  operator 

Touch  or  Stylua 

input 

reaponaa  device 

3.3  Equipment  to  Equipment 

4.3  Equlpment-to-Equipment 

Simulation 

a.  NAV  to  TOD  Control  and 

Diaplay  panel 

a.  Provide  for  real 

Fait  rsaponae 

b.  MCTSS  to  TOD  Control 

time  reaponsea 

time 

Diaplay  panel 

b.  Provide  for  proper 

Terminal  aide  for 

aaquancing 

authoring  and 

c.  Ensure  compatibility 

aditing 

«rlth  documentation 
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Digital  Control  Computer  (DCC) 


training 

LEVEL 

ACTION  ITEMS 
(TOS’«) 

INSTRUCTION 

DESCRIPTION 

SIMULATION 

REQUIREMENTS 

POSSIBLE  CBI 
STRATEGY (S) 

TERMINAL 

ITEMS 

01 

2.1  Parfon  the  follovlng 

3.1  Equipment  to  Oparator 

4.1  Equipment  Simulation 

aclng  proc*<Iur«a  for 

proccduraa  on  DCC 

0 hir) 

DCC  with  aupervlalon 

a.  Actuator/ Indlcatora 

a.  Simulate  tha  follow- 

High Resolution. 

a.  STOP-STEP 

b.  Illuoilnatlon  of  (a) 

ing  panela: 

Display  of  sevaral 

1 

b.  MASTER  am 

(1)  BPSS  Panel 

panels  aimulcanr- 

! 

c.  BOOT  STRAP 

(2)  CMSS  Panel 

oualy,  Graph lea 

(3)  KBDSS  Oleplay 

(dynamic)  and  pic^ 

In  accordanca  with 

tortal  rrprraen- 

authorlzaU  documenta- 

tation 

tion  by  poalClonlng  DCC 

b.  Provide  for  at  leaac 

Color  or  loior 

actuator/ indicator a 

4 colors  on  actuator/ 

Indication  caps-* 

(A/l*a)  CHSS  panel 

indlcatora 

blllty 

A/I 'a  In  tha  proper 

c.  Provide  for  a range 

rroKrsmmabla  aym- 

normal  operating  nodea 

of  alphanumaric 

bols,  faat 

with  aupervlalon 

valuaa 

response 

3.2  Operator  to  Equipment 

4.2  Oparator  Interface 

a.  Physical  manipulation  of 

a.  Provide  for  movsbla 

Dynamic  graphics 

3.1 

switching  positions 

1 

b.  Provide  for  oparator 

b.  Provide  for  appropri- 

Color or  color  1 

coordination  bctwaan  DCC 

ate  color  and  Illu- 

indication 

and  aaaoclated  panela 

mination 

c.  Provide  for  operator 

Touch  or  Stylus 

Input 

raaponse  device 

3*3  Equipment  to  Equipment 

4.3  Equipment -to-Equlp*ent 

Simulation 

a.  BPSS  to  DCC 

b.  QISS  to  DCC 

a.  Provide  for  real 

Fast  rcaponaa 

c.  KBDSS  to  DCC 

time  rasponsas 

time 

b.  Provide  for  proper 

Authoring  aids 

sequencing 

at  tarmlnsl  for 

c.  Ensure  compatibility 

editing  and 

with  documentation 

checkout 

DDC  Computer  Programs 


01 

1.1  Perform  boot  atraping 

2.1  Parform  boot  atraping 

3.1  Equipment  to  Operators 

4.1  Equipment  Simulation 

on  all  available 

operations  on  all 

types  of  DCC  computer 

available  types  of  DCC 

a.  Actuator/Indicators 

a.  Simulate  the  follo«^ 

High  Resolution, 

(2  hre) 

programs  In  normal 

computer  programs  by 

b.  Illumination  of  (a) 

Ingt 

Dynamic  graphics. 

operations  In  accor- 

uaa of  BPSS.  CMSS, 

c.  Switches 

(1)  BPSS  Panel 

Plctoral  repre- 

dance  with  authorized 

COISS,  KTPSS.  KBDSS, 

d.  Printer  Readouts 

(2)  CMSS  Panel 

santation 

documentation  with 

ITOP,  and  PRTSS  In 

a.  Coordination  Effects 

(3)  COISS  Panel 

supervision 

accordanca  with  author- 

(4) MTPSS  Input 

ized  documentation. 

(5)  ITOP 

Parformance  be  based  on 

(6)  Printer 

correct  positioning  and 

(7)  Keyboard 

and  sequencing  pra- 

b.  Provide  for  at  least 

Color  or  color 

scrlbed  in  normal  oper- 

4  colors  on  actuators/ 

indication  capa- 

ating modes  with  super- 

indicators 

bility 

vialon 

c.  Provide  for  range  of 

alphanumeric  values 

3.2  Oparator  to  Equipment 

4.2  Operator  Interface 

a.  Physical  manipulation 

a.  Provide  for  movable 

Dynamic  Crsphics 

of  3.1 

switching  positions 

b.  Provide  for  oparator 

b.  Provide  for  appropri- 

Color or  color 

coordination  batween 

ate  color  and  Illu- 

indication capa- 

associated equipment 

mination 

bility 

c.  Analysis  of  3.1  (d) 

c.  Provide  for  operator 

Touch  or  Stylus 

Input 

raaponse 

3.3  Equipment  to  Equipment 

4.3  Equipment- to-Equipment 

Simulation 

a.  BPSS  to  DCC 

b.  CMSS  to  DCC 

a.  Provide  for  real  time 

Fast  response 

c.  COISS  CO  DCC 

rasponaea 

time 

d.  KDFSS  to  DCC 

b.  Provide  for  proper 

Terminal  aids  to 

a.  ITOP  to  DCC 

sequencing 

authoring  and 

1 

f.  PRTSS  to  DCC 

c.  F.naura  compatibility 

editing 

i 

g.  KBDSS  to  DCC 

with  documentation 

1 
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DCC  Computer  Program  (Continued) 


TRAINING 

LEVEL 

ACTION  ITEMS 
(TOS't) 

INSTRUCTION 

DESCRIPTION 

SIMULATION 

REQUIREMENTS 

POSSIBLE  CBl 
STRATEGY (S) 

TERMINAL 

ITEMS 

02 

l.l  P«rfor«  all  normal 

2.1  Tarfom  appropriate 

3.1  Eauinment  to  Operator 

4.1  Equipment  Slmulstlona 

operatlona  without 

Imadiata  and  deferred 

f A llT'vJ 

S ouparvlaion  and 

action  on  caaualtlea 

a.  Same  aa  01  level  with 

a.  Same  as  01  leval  with 

Sama  aa  01  level 

III.  o 

' eaaualty  procoduroa 

In  accordance  with 

inaartion  of  apeclflc 

Insertion  of  specific 

with  Buparvlalon 

authorlxed  documentation 

casualty  problems 

casualty  problems 

3.2  Operator  to  Equipment 

4.2  Operator  Interface 

a.  Same  aa  01  level  with 

a.  Same  as  01  level  with 

Same  ee  01  level 

Insertion  of  apeclflc 

inaertlon  of  specific 

casualty  problems 

caeuelty  problems 

3.3  Eflulnment  to  Eoulrment 

4.3  Equipment- to-EoulP«ent 

Simuletion 

a.  Same  as  01  lavel  with 

Inaertlon  of  apaclflc 

a.  Same  aa  01  leval  with 

Seme  aa  01  level 

casualty  problama 

Insertion  of  specific 

^ . 

casualty  problema 

1 1 

1.1  farfom  operational 

2.1  Parform  operational 

3.1  Eculpment  to  Operator 

4.1  Equipment  Simulation 

(1  Hr) 

teata  for  baalc  cox- 

teata  for  baalc  cor- 

rective maintenance 

rect  Iva  maintenance  on 

a.  Same  aa  01  level 

a.  Same  es  01  laval  minus 

Seme  as  01  leval 

In  accordance  with 

all  avallabla  typea  of 

irrelevant  equipment 

authorlxed  documen- 

DCC computer  programs 

tation  with  auper- 

by  use  of  QISS.  KBOSS 

3.2  Operator  to  Eoulpment 

4.2  Operator  Interface 

vlalon 

and  PRTSS  In  accordance 

with  authorlxed  docu- 

a. Same  as  01  laval 

a.  Sama  aa  01  lavel 

as  01  level 

mentation 

3.3  Eoulpment  to  Equipment 

4.3  Equ limen  t_-l^o-Iqulpmtp  t 

a.  CMSS  to  KC 

b.  KBDSS  to  DCC 

a.  Same  aa  01  level 

Same  aa  01  level 

c.  PRTSS  to  DCC 

d.  Proper  maintenance  com- 

puter programs  to  DCC 

2.2  Recognlxe  and  interpret 

3.4  Equipment  to  Operator 

4.4  Equipment  Simuletion 

Indications  of  malfunc- 

tions In  accordance  with 

a.  Same  aa  3.1  with  inser- 

e. Seme  aa  4.1 

Same  aa  01  level 

authorlxed  documentation 

tion  of  specific  fault 

Isolation  progrmas 

3.5  Operator  to  Equipment 

4.5  Operator  Interfaca 

a.  Same  aa  3*2 

a.  Same  aa  4.2 

Same  at  01  level 

3.6  Equipment  10  Equipment 

4,6  EcuipmM)t-to-EqulpmenC 

Simulation 

a.  Saaw  aa  3.3  with  inacr- 

tlon  of  apeclflc  fault 

e.  Same  aa  4.3 

Smae  es  01  level 

Isolation  documantatlon 
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Basic  Processor  Subsystem  (BPSS) 


TRAIYIIHG 

ACTION  ITEMS 

INSTRUCTION 

SIMULATION 

POSSIBLE  CBI 

TERMINAL 

LBVEL 

(TOS*a) 

DESCRIPTION 

REQUIREMENTS 

STRATEGY (S) 

ITEMS 

Pi  a 

1.1  Pcrforw  prc-v«&tatlv« 

2.1  Par form  baalc  prawanta* 

3.1  Edulpmant  to  Operator 

4.1  Eoulpment  SimuUtion 

a hr) 

mlBtftnanc*  proc*- 

tiva  maintananca  proca*> 

duT«a  on  BFSS  in 

duraa  aa  praaantad  In 

a.  Same  aa  ITOP 

a.  Simulate  tha  follow- 

81^  Raaolutioo* 

•ccordanca  with 

tha  SKD/SOP,  Including 

b.  Sana  aa  OOISS 

ingt 

Dynamic  Craphica 

docuMntatlon 

oparational  and  rail- 

c.  Same  aa  OKSS 

(1)  ITOP 

and  pictorial  dla- 

ability  taata  of  DCC  aa 

d.  Same  aa  PRTSS 

(2)  System  PRTSS 

play 

raquirad  by  authorliad 

a.  Sama  aa  KBOSS 

(3)  C01S8 

doeuaantatlon.  Thia 

f.  Coordination  affect 

(4)  CHSS 

aectioo  antaila  only  tha 

(5)  KIDSS 

uae  of  tha  documantation 

b.  Dual  display  for 

Represent  cuo 

on  n and  oparational 

coordination  effect 

panels  at  once 

and  ra liability  proca- 
duraa  for  rapraaantatlva 
maintenance  problama 

3.2  Operator  to  Eoulomant 

4.2  opfftoy 

throui^  dual  or 
split  acraen 

a.  Phyaical  mamipulatioo  of 

a.  Intarogatlon  by 

Keyboard  or 

3.1 

operator  of  equip- 

other raaponaa 

b.  Ability  to  direct  PH 

ment  condition  and 

device 

procedures  and  opera- 

pertinent  docusmn- 

tlonal/rallabllity  taat 

tation  and  proce- 

procaduraa 

dures 

3.3  E^iulpnaot  to  Edvlpmant 

4.3  ffi\»lj?mant-;2rlay4pipnt 

Simulation 

a.  ITOP  to  BPSS 

b.  C0IS8  to  BPSS 

a.  Provida  for  real  time 

Psat  raaponaa 

c.  CHSS  to  BPSS 

respottsaa 

time 

d.  PRTSS  to  BPSS 

b.  Provida  for  proper 

Terminal  aide  to 

a.  KBOSS  to  BPSS 

aequenclng 

authoring  sod 

c.  Enaura  compatibility 

editing 

with  documentation 

cib 

l.I  Parfoni  b««lc  fault 

2.1  Racognisa  and  Intarprat 

3.1  Edulpmant  to  Operator 

4.1  Eoulpment  Simulation 

(2  hrs) 

laolatiOQ  and  minor 

indicationa  of  malfunc- 

rapalr on  BFSS  with 

tion  by  uae  of  ITOP  and 

a.  Same  aa  PI  Isval 

a.  Sana  as  PI  level 

Same  aa  PI  level 

■uparvlalon 

PtrrSS  and  perform  baaic 

b.  Tape  slot 

b.  Simulate  tha  follow- 

fault laolatloo  proca- 

c.  Tape  cartridge 

ing: 

duraa  containad  In 

d.  Type  3 module 

(1)  KTTSS 

authoriaad  documentation. 

(2)  Tape  cartridge 

Thia  Inatruction  La 

(3)  Type  3 module 

focuaad  at  primarily 

(4)  Interior  arrenge- 

module  failure  and  an- 

ment of  BPSS 

taila  tha  uae  of  tha 

oomponenta 

GKSS  to  run  raadlnaaa 

c.  Provida  for  both 

Color  or  color 

taata*  printouta  of 

graphic  and  pictorial 

indication  capa- 

faults performing  main- 

presentation of  BPSS 

bility,  gra^lca 

tenance  bootstrap  pro- 

interior componanta 

pictorial  rapre- 

cedures  , runnlnt  MIT8S 

aentatloo 

and  Kirss  routines  error 
dictionary  interface  and 
module  raplacamant. 

3.2  0peif.t9I,S9 

4.2  Operator  Interface 

a.  Seam  as  PI  level 

b.  Insertion  of  (e)  into 
(b) 

c.  Extraction  and  inaartlon 
of  (d) 

d.  Provida  for  operator 

a.  Sama  aa  PI  level 

Sama  aa  PI  level 

coordination  batwean  BPSS 

oomponenta  and  aaaoclatad 
malntananca  taata  with 

CHSS 

3.3  Eculpmant  to  Eouipemnt 

4.3  Eoulpm«»t-to-Eouli»#nt 

a.  Sama  aa  PI  level 

Simulation 

b.  Cartridge  to  proper  KTPS8 

e.  Same  ee  Pi  level 

Seme  as  PI  level 

programs 

c.  PTR8S  to  error 

2.2  Perform  operational/ 

3. A Eoulpment  to  Operator 

4.4  Eoulpment  Simulation 

reliability  taata  for 
baaic  corractlva  main- 

a. Same  aa  2.1  Cl 

a.  Same  aa  2.1  Cl 

Same  aa  PI  level 

tenance  in  accordance 
with  docuMntation. 

Thia  la  similar  to  thoaa 

3.S  Operator  to  Eoulpment 

4.5  Operator  Interface 

oparationa  containad  in 

2.x 

a.  Sana  as  2.1  Cl 

a.  Same  as  2.1  Cl 

Sama  aa  PI  level 

3.6  Eouipment  to  Eoulpment 

4.6  Eoulpaent-tO-Eoulpment 

Simulation 

a.  Same  aa  2.1  Cl 

a.  Same  aa  2.1  Cl 

Seme  ee  PL  level 
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Data  Communications  Processor  Subsystem  (DCPSS) 


TRAINING 

LEVEL 

ACTION  ITEMS 
(TOS'g) 

INSTRUCTION 

DESCRIPTION 

SIMULATION 

REQUIREMENTS 

POSSIBLE  CBl 
STRATEGY (S) 

TERMINAL 

ITEMS 

PI 

(1  hr) 

1.1  Perform  pravantatlva 
malntananca  proca- 
duraa  on  DCPSS  in 
accordanca  with 
documantatlon 

2.1  Perform  basic  pravantatlva 
malntananca  procaduraa  as 
praaantad  In  tha  SMP/SOP. 
Including  operational  taata 
and  dla gnostic  programs  as 
required  by  authorltad 
documantatlon.  This  aac- 
tlon  antalla  only  tha  use 
of  tha  documantatlon  on 
PM  and  operational  and 
rallablllty  procaduraa  for 
rapraaantatlva  malntananca 
problems. 

3.1  iA'iissm 

a.  Same  as  IPSS 

b.  Sams  as  CM5S 

c.  Sams  as  OOISS 

d.  Sams  as  KIDSS 
a.  Sams  as  PTRSS 

f.  Coordination  effect 

4.1  gquipmant  Slmulatipo 

a.  Slmulata  tba  follow- 
ing t 

1.  (MSS 

2.  COISS 

3.  ElOSS 

4.  Syatam  PTtSS 

b.  Dual  dlaplay  for 
coordination  offset 

High  Raaolutlon 
Dynamic  graphlca 
and  pletoral 
dlaplay 

Rapraaant  two 
paoala  at  once 
through  dual  or 
split  acraan 

3.2  Ppa^a^pi.  ^9 

4.2  Oparatot  Interface 

a.  Physical  manipulation 
of  3.1 

b.  Ability  to  direct  PM 
procaduraa  and  opera- 
tional teat  procaduraa 

a.  Interrogation  by 
oparator  of  aqulp- 
mant  condition  md 
pertinent  documenta- 
tion and  procaduraa 

Eayboard  or  other 
raaponaa  device 

3.3 

a.  SPSS  to  DCPSS 

b.  (MSS  to  DCPSS 

c.  OOISS  to  DCPSS 

d.  PTRSS  to  DCPSS 
a.  MTPSS  to  DCPSS 
f.  HDPSS  to  DCPSS 

*•3  Eouipmant-to-Iouipmaot 

StmuIatlQft 

a.  Provlda  for  raal  time 
raaponaaa 

b.  Provide  for  propar 
aaquancing 

c.  Enaura  eompatlblllcy 
with  documentation 

Past  raaponaa 

time 

Terminal  aid  to 
authoring  and 
adlting 

Cl 

(1  hr) 

1.1  Perform  basic  fault 
isolation  and  minor 
repair  on  DCPSS  with 
auparvlalon 

2.1  Racognlaa  and  Interpret 
Indications  of  malfunc- 
tion and  perform  basic 
fault  Isolation  proce- 
dures contained  In 
authorised  documantatlon. 

3.1  Eoulomant  to  QparaSOL 

a.  Same  aa  PI  level 

4-1  Eaulomant  Simulation 

a.  Sama  aa  PI  level 

b.  Provide  for  both 
graphic  and  pictorial 
praaantatlon  of  MED 
and  CID  eomponoota. 

Sama  aa  PI  laval 
• 

3.2  Ooarator  to  Eculomant 

4.2  Operator  Interface 

a.  Same  as  PI  laval 

b.  Ability  to  direct 
operational  teat 
procaduraa  and  diag- 
nostic programs 

a.  Sama  aa  PI  laval 

Sama  aa  PI  laval 

3.3  Eoulomant  to  Equipment 

a.  Sama  aa  PI  laval 

4.3  Eouiomant-to-Enulpmatii 

a.  Sama  aa  PI  laval 

Sama  aa  PI  laval 

Keyboard  and  Display  Subsystem  (KBDSS) 


01 

(X  hr) 


1.1 


Parform  nenuil  op«r- 
•tlng  proc«4ur*«  for 
K1DS8  with  oupor- 
vlsloo 


2.1  Porfoni  tht  following 
normal  opcrotlona 

«.  Solcctlon  of  DCC 
b.  OOlSS  LnCarfoca 
c*  DCC  computor  protrom 
Intorfaco 

Entry  of  opproprlato 

data 

a.  Extraction  of  appro- 
priata  data  in 
accordanca  with 
authorlxad  docw- 
mancation  with 
suparvlaion 


3.1  EnulPmant  to  OparatAT 

a.  actuator /Indicator a 

b.  Xlluadnatlon  of  (a) 

c.  fuaction  avltchaa 

d.  DCC  aalact  toggla 
awltchaa 

a.  Rumarical,  dactmal. 
alfohralc  algn  kaya 

f.  Plaama  dlaplay 

g.  Ught-amlttlog  dloda 
(LED) 

h.  2 brlghcnaaa  dlffaran- 
tlal 

1.  Vlaual  curaor 


3.2  Qpacator  to  iQulpmant 

a.  Physical  manipulation 
of  (a)  through  <a) 
and  (1) 


4.1  Eoulnmant  Simulation. 

a.  Slmulata  tha  foll(V- 
Ingt 

(1)  Dlaplay  paaal 

(2)  Eayboard  aaaambly 

b.  Prowlda  for  8 llnaa 
of  32  charactara  par 
lina 

c.  Dlaplay  64  dlffarwt 
charactara 

d.  Provlda  for  at  laaat 
4 colors  on  actuator/ 
indicators 

a.  Provlda  for  ranga  of 
alphanumarlc  valuaa 

f.  Provlda  for  rnawand, 
data,  and  Intarrupt 
word  format(a) 

4.2  Poarator  Inttrfaca 

a.  Provlda  for  movabla 
avitching  poaltlona 

b.  Provlda  for  appropri- 
ata  color  and  illu- 
■loatlon 

c.  Provlda  for  oparator 
Input 


High  Raaolutlon, 
Dynamic  Graphics 
and  pictorial 
rapraaantatlon 


Full  ckaractar 

aat 

Color  or  color 
indication 


Dynamic  Craphlca 

Color  or  color 
indication 

Touch  or  Stylus 
raaponaa  daviaa 


3.3  Eouipmant  to  EgulPmanA 

a.  DCC  computar  programs 
to  UDSS 


4.3  Equlpmant-to-EgulBMft^^ 

a.  Provlda  for  raal/tlma 

raaponaaa 

b.  Provlda  for  propar 
aaquancing 

c.  Enaura  compatibility 
with  documantatlon 

d.  Provlda  kayboard  to 
cursor  coordination 


Paat  Raaponaa 

Tima 

Tsrminal  aids  to 
authoring  and 
adlting 
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Computer  Operatory  Interface  Subsystem  (COISS) 


TKAINING 

U:VKL 

ACTION  ITEMS 
(TOS' 8) 

INSTRUCTION 

DESCRIPTION 

SIMULATION 

REQUIREMENTS 

POSSIBLE  CBl 
STRATEGY (S) 

TERMINAL 

ITEMS 

01 

(1  hr) 

l.l  Perfora  noraal  opart- 
ting  proce4urtt  with 
Mupervltlon 

2.1  Parfora  batlc  operation 
on  CMSS  and  uaa  CMSS  to 
perform  baalc  Intarface 
oparaclona  with  DCC  and 
aclccclon  of  DCC  In 
accordance  with  author- 
lead  documentation 

3.1  Equipment  to  Operator 

4.1  Equipment  Simulation 

a.  Actuator/lndicatora 

b.  lllualnatlon  of  (a) 

c.  Key  actuated  avltch 

a.  Two  aectiona  of 
operator  panel 

b.  Provide  for  at  Icaat 
4 colora  on  actua- 
tor/lndicatora 

c.  Provlda  for  ronge  of 
alphanumeric  valuca 

High  Revolution. 
Dynamic  graph Lea 
and  piccoral 
rrpreaentacion 
Color  or  color 
Indlcatora 

3.2  Operator  to  Equipment 

4.2  Operator  Interface 

a.  Phyalcal  manipulation 
of  3.1 

a.  Provide  for  aovable 
avltching  poaitiona 
b«  Provide  for  appro- 
priate color  and 
Illumination 
c.  Provide  for  operator 
input 

Dynamic  graphic » 
Color 

Touch  or  Stylue 
reaponac  device 

3.3  Equipment  to  Equipment 

4.3  EoulDBent-to-Equlp»®c 

a.  DCC  to  COISS 

b.  DCPSS  to  COISS 

c.  CDSS  to  COISS 

d.  KDFSS  to  COISS 

Simulation 

a.  Provlda  for  real 
time  raaponacs 

b.  Provlda  for  proper 
sequanclng 

c.  Enaure  compatibility 
with  documentation 

Paac  retponae 
time 

Terminal  aids  Co 
authoring  and 
editing 

Computer  Maintenance  Subsystem  (CMSS) 


01 

l.l  Perform  normal  opara- 

2.1  Perform  all  normal 

3.1  Equipment  to  Operator 

4.1  Equipment  Simulation 

(-1  hr) 

tlng  proceduraa  for 
CMSS  with  supervision 

oparatlona  by  use  of 
aalf-taat,  bootatrap, 
status,  unit  salact, 
program  acstus,  %#ord, 
kayboard,  and  plasma 
displays  In  accordanca 
vich  authorized  docu- 
mentation for  proper 
inaartlon,  and 
aequanclng 

a.  Actuator/lndicatore 

b.  Illumination  of  (a) 

c.  Push  buttons  for 
alphanumarlc  insert 

d.  Plasma  display 

a.  Slmulata  the  follow- 
ing: 

(1)  Salf-taat 

(2)  Ccmcrol 

(3)  Status 

(4)  Unit  aelect  - 
auto  teat  - maint 
mods  extended 

(5)  Display  aelect 

(6)  Keyboard 

(7)  Program  atatus 
word 

(insert  (b)  and  (d)  from 
DCC) 

High  Resolution, 
Graphic  or  Pic- 
torial Repraaen- 
tacion 

3.2  Operator  to  Fquipment 

4.2  Operator  Interfaces 

a.  Physical  manipulation 
of  3.1 

b.  Analysis  of  (d> 

a.  Provide  for  movable 
avlcchlng  positions 

b.  Provide  for  appropri- 
ate color  and  illu- 
mination 

c.  Provlda  for  oparacor 
input 

Dynamic  Craphlca 

Color  or  Color 
Indication  C«ps- 
bllity 

Touch  or  Stylus 
responBe  device 

3.3  Equipment  to  Equipment 

4.3  Equlpment-to-Equlpment 

1 

a.  DCC  computer  programs 
to  CMSS 

b.  KTPSS  to  OISS 
C.  KBDSS  to  CMSS 

Simulation 

a.  Provide  for  real  time 
reaponaca 

b.  Provlda  for  proper 
sequencing 

c.  Ensure  compacibllity  j 
with  documentation 

Kaat  Responsv 
Time 
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